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This book is about you. At least, it is about that very important 
part of you—your body. There is more to you than your body, of 
course. ‘There is your mind, the major interest of psychology; your 
spirit, with which the humanities are concerned; and your soul. 
But the physical, corporeal You—an organism that was born, that 
eats and drinks, works, plays, and sleeps, that may one day repro- 
duce itself and will eventually die—that you is the subject of this 
book, 

To a few hyper-sensitive souls, the study of the human body is 
somehow repulsive. They would rather, according to one famous 
physiologist, the late Anton J. Carlson of the University of Chi- 
cago, spend four years studying the Ming Dynasty than twenty 
minutes contemplating their own gut. 

Literally millions of others, though vaguely interested in their 
bodily functions, are much more interested, and know more about, 
their automobiles. It is strange that this should be so. New-model 
Cars come out every year, but our bodies come just one to a cus- 
tomer. If your car breaks down, you have it towed to a garage, and 
4 mechanic fixes it; if it cannot be fixed, it can be replaced. If your 
body breaks down, you are taken to the hospital, and the doctors 
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try to set things right. If they cannot, you die. This jg — 
that a course in physiology will make you a “body mechanic 
insure you against being towed in occasionally, but it can g ~~ 
a better understanding of the body you were born with, 
one you will ever have. 


’ y 
lve you 
the only 


WHAT YOU MAY EXPECT FROM THIS BOOK 


The single purpose here is to give a factual description of how 
the body functions. As a machine the body is by no means perfect, 
and its shortcomings will not be ignored. Nevertheless, the mind 
and body of man probably represent Evolution’s greatest achieve. 
ment, and Evolution has been at work a long, long time. Perhaps 
Sophocles did not overstate the case when he said: “Many the 
wonders of the world, but none so wonderful as man,” 

We will begin with a review of certain basic concepts, since it is 
quite impossible to comprehend the workings of the human body 
without at least an elementary understanding of the laws of Na- 
ture, how the mechanical interactions of chemistry and physics apply 
to biologic organisms. Against this background, we will then con- 
sider protoplasm, the living material of which you are composed; 
its organization into cells and tissues; the arrangement of tissues 
into organs and organ systems. You will learn how cells divide, and 
certain implications of their division from the standpoint of hered- 
ity—in short, how you started life as a single cell and grew up to 
be You. 

Whether the biologic preliminaries come to you as new infor- 
mation or as a refresher course, by the end of chapter 5 you should 
be able to answer such questions as: What are the advantages of 
the metric system? What is meant by a “controlled experiment’? 
Why did Dr. Carlson say, “As between man and the dog, men 
comes first’? Why are more boy babies born than girl babies? 
Why do perfectly normal people sometimes have children who 
are idiots? 

The circulatory system leads off in our consideration of th 
systems of the body. Here we might ask: How much blood ee 
person lose and still live? Can anything good be said of a tp 
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worm? What makes the heart beat? (We can answer that one here 
and now—nobody knows.) Finally, a man has been in an automo- 
pile accident; he has lost no blood, has broken no bones, does not 
seem badly hurt in any way; but he dies. Whyr 

The respiratory system follows, with answers to problems such as 
these: Can a man live without breathing? Why does a man who is 
pugnacious when intoxicated, and wants to fight, behave the same 
way, though sober, when on top of a mountain? How can you load 
a rat full of carbon monoxide without harming it in any way? 

Chapters on digestion and metabolism include answers to these: 
How long can a man live without food? Without water? The 
Sippy diet prescribes sips of what? We eat almost no glucose, yet 
the body burns about a pound of it every day; where does it come 
from? How many calories do you gain by drinking a “coke”? How 
many do you lose dancing a rhumba? 

Under excretion we will encounter these questions: How can the 
kidneys continue to secrete urine when the bladder is already full? 
The kidneys actually produce forty-five gallons of filtrate per day; 
what happens to it? 

Under the endocrine system we may look for answers to these: 
Who discovered insulin and what good is it? Why does removal of 
the adrenal glands result in death? What causes that prickly sensa- 
tion on the back of the neck when you are badly frightened? Is 
there any truth in the statement that “all males are partly female, 
and all females are partly male’? 

Finally, the pages on the nervous system discuss such matters as: 
If your gallbladder is infected, why does your right shoulder hurt? 
What keeps you from falling flat on your face every time you 
stumble? If the moon looks as big as a balloon when it rises, why 
does it look no larger than an orange a few hours later? What does 
the ear have in common with a harp? 

These few sample questions are intended to preview the kinds 
of information that you may expect to get from this book and, 
quite frankly, to arouse your curiosity. Let us hope that this has 


been accomplished, and proceed. 


A How Science Studies life 


THE NATURE OF SCIENCE 

An obvious first step is to classify physiology as to its proper 
place among the sciences. It is, of course, a biological science, since 
it deals with living things. It is also a basic medical science; many 
diseases, such as diabetes, asthma, and ulcer, are examples of ab. 
normal physiology; to recognize the abnormal, one must be fa- 
miliar with the normal. 

To begin at the beginning, let us consider the word “science” 
itself. Dictionaries define it rather loosely. For example, one says 
that a science is “any branch of human knowledge, considered as 
a separate field, for the investigation of problems concerning it,” 
a definition that is broad enough to embrace all branches of knowl- 
edge, not merely the sciences. 

For our own purposes we will define a science as a field of knowl- 
edge that must include (1) a body of information, the beginnings 
of which were probably acquired through observation; (2) prob- 
lems amenable to investigation by controlled experimentation; and 
(3) the potentiality of becoming exact. This last criterion is met 
when the entities studied become definable and subject to quanti- 
tative measurement. 

Now let us see how physiology satisfies these three criteria. 


Observational Information 

First, there does exist an enormous fund of physiologic infor- 
mation. Scores of journals are devoted to the reporting of data, 
and library shelves are crammed with books on the subject. That 
much of this information was first acquired by observation may 
be illustrated by the story of a strange disease affecting the adrenal 
glands, a pair of tiny structures lying just above the kidneys. (They 
will be studied in detail later in this book.) 

The disease has been given the name of the man who first called atten- 
tion to it, an English physician named Addison. Patients stricken by it 
showed a number of symptoms, the most pronounced being a loss of 
physical strength. First they lost the ability to walk or to stand; then 
they could not even sit up, soon they could not talk or chew their food; 


and shortly thereafter, they invariably died. Addison had a few such 
cases—the disease is by no means common—and physician friends sent 
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others to him. Because of the high mortality, he had ab 
material. He bs xamined the cadavers rsinuity, spulteeueeeenne: 
the body, until he finally found something that they all had in po nc 


diseased adrenal glands. He logicall 
are essential to life. 8 y concluded that healthy adrenals 


Although Addison’s work was undoubtedly carefully done, it 
provided only an observational basis for his conclusion. Another 
example is that of Von Mehring and Minkowski, who observed 
that removal of a dog’s pancreas was followed by diabetes. Still 
other observers noted that castration, as performed in early times, 
often led to disturbances in growth. And there are many other 
examples. 


Controlled Experimentation 


How do the above examples fall short of our second criterion 
of a science? Controlled experimentation must include two groups 
of subjects: the experimental group, on which the experiment is 
actually performed; and the control group, treated identically in 
every way—except that the experimental condition itself is not 
imposed on these subjects. 

If the effect of an injected drug is being studied, for example, 
the controls will also be injected, but with water or with salt 
solution. If the effect of removing a certain gland is being tested, 
the control group will undergo the same operation, except that 
the gland will not actually be removed. This is called a sham 
operation. 

Scientists are naturally very insistent about having adequate 
controls; on these the validity of their interpretations will depend. 
It is said, again of Dr. Carlson, that if you had shown him some 
rats who had been fed eggs and subsequently grown feathers, he 
would have insisted on seeing those rats in the litter who had not 


been fed eggs. 


The case of the hairless rats 
demonstrates graphically the vir 


—An example from our own laboratory 
tue of controlled experimentation. A 


i i i ich i al for rats, to say 
certain rat h itter of babies which is not unusu ! 
ar lar litter had no hair, which 


the least. The eight babies of this particu 
is also not snurudli baby rats never do. What was unusual re < 
that these babies remained hairless. Usually by the fifth day of lite, 
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a fuzz of white hair, but these were not; even when 
ty days of age, they were still as bald as doorknobs. 

Now it happened that a paper appeared in the journal Endocri- 
nology at about this time, reporting that an extract of the pituitary 
gland, a small structure at the base of the brain, had been found to cure 
human baldness. Such an extract was therefore prepared for use on the 
hairless rats. Let us suppose that we had injected all eight rats and that 
all eight had grown hair. What would we have proved? Exactly nothing, 
for who knows but what the hair would have grown anyway? 

Actually we performed a controlled experiment. The rats were 
divided into two groups; fortunately the sex distribution was even, so 
that each group consisted of two little males and two little females. 


Heredity was controlled insofar as possible. While it is true that the 


genctic variations might have been as great as in human siblings, litter- 
mates do tend to be more alike, since they share not only the same 
mother and father but the same environmental conditions, in general, 


and are the same age. Exactly the same feed was given, at the same time, 


to both groups. The cages were side by side so that temperature and 


lighting were identical, and the cages were cleaned at the same time. 
Daily injections of pituitary extract were given to the experimental 
animals; at the same time the controls were injected with salt solution. 
In short, the experiment was controlled. 

And how did it turn out? Well, very shortly the experimental animals 
did become covered with coats of white fuzzy fur, thick and luxuriant. 
However, so did the controls. They grew just as much hair and just as 


fast. 


are covered with 
they reached thir 


PITUITARY EXTRACT SALINE SOLUTION 


EXPERIMENTAL GROUP CONTROL GROUP 
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what happened? Who can tell? Perhaps it was because of the sti 

on of being handled. It may have been a case of arrested develo oar. 
be they all suddenly became self-conscious about their mei tus 
ng we do know for sure: it was not the pituitary aise ie 
he hair to grow. The control group proved that. = 


Jati 
May?© 
one thi 
caused Li 


The above example, with its puzzling results, may lack the 
decisive finale to which you have become accustomed in science 
stories, but it comes much closer to being characteristic of re- 
search. Most of our “truths” are arrived at very gradually as the 
variables and extraneous factors are eliminated by increasingly 


rigid controls. 


Controlled experimentation and “the scientific attitude.”—Prob- 
ably the most common variety of faulty reasoning is contained in 
the expression post hoc, ergo propter hoc (‘‘after this, therefore 
caused by this’). Subscribers to this philosophy might say of the 
foregoing experiment: the rats were hairless when injected with 
the extract; they then grew hair; therefore, hair growth resulted 
from being injected with pituitary extract. As we have seen, this 
is not necessarily so; in fact, our controls make it seem highly 
unlikely. 

How often you hear such comments as: “I had this terrible 
cold, and I took aspirin, and my cold is gone. Aspirin certainly 
does cure colds!” On the basis of our discussion, how would 
you go about testing the cold-curing properties of aspirin? 

One runs into post hoc reasoning in all directions. “If our left 
end had only caught that pass, we would have won the game.” (Or 
it might have been the first pass he ever caught, and the shock 
might have killed him.) “Democratic victories are always followed 
by war.” (Or, also heard in an election year, “Republican victories 
are always followed by depressions.”) 

Controlled experiments cannot be set up in connection with 
such complicated games as football or politics, but you should be 
Suspicious of post hoc reasoning, wherever you encounter it. 


Can controlled experimentation be used in physiology?—The 
answer is Yes, and it is used, but sometimes its application here 
an demon- 


's difficult because of the body’s great complexity. We c 
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strate this point by comparing an experiment in physics with one 
in physiology. First, a study in physics: 

Let us say that you are an American physicist, the first person to 
become interested in a certain aspect of gas pressure. Specifically, you 
have observed the elasticity of gas, perhaps by blowing up a balloon 
and then squeezing it, and you wonder what effect the volume of its 
container has on the pressure exerted by the gas. So you set up 2 com. 
pression chamber that contains one cubic meter of gas when your 
mianometer—a device for measuring gas pressure—reads one atmosphere, 
a unit based on air pressure under standard conditions. Now you com- 
press the gas to one-half by reducing the volume of the chamber to one- 
half cubic meter. You again read the manometer and find that the 
pressure has doubled, now reading two atmospheres. Greatly impressed, 
you immediately write up your findings: the pressure of a gas Varies in- 
versely with the volume. (This is actually one of the fundamental laws 
of Nature—Boyle’s Law.) 

Now it happens that your paper comes to the attention of a Russian 
physicist, one Comrade Umbillikoff, who promptly tries to repeat your 
study. However, although duplicating your apparatus exactly and using 
also 1.0 cu. m. of the same gas, he says he is coming up with a second 
pressure of 2.4 atm., not 2.0 atm. as reported by you. A discrepancy like 
that could result in an international incident, were we dealing in pol- 
itics, but being rational men and scientists, you and Comrade Umbilli- 
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koff meet and compare notes, Together, you discover a point in his 
ceedings where he grew tired of fixing leaks in his apparatus and i 
compressed the gas, did not read the manometer immediately ‘but @ 
stead went out for a samovar of tea. By the time he returned “the ne 
had worked its way around to where it was shining directly on his fon 
This would have heated the gas inside. Could this be responsible for the 
discrepancy? 

He repeats the experiment, leaving the sun out of it, and verifies your 
results. His interest aroused, he goes on to further investigations of the 
effects of temperature on gas pressure and comes up with a law of his 
own: at constant volume, gas pressure rises proportionately as tempera- 
ture increases (Gay-Lussac’s Law, in reality). 


The point of our story is that two factors—volume and temper- 
ature—affect the pressure of a gas. But these are the only factors, 
and it is easy to control one while studying the effect of the other. 

Now let us consider a physiology experiment of a somewhat 
related nature: 


Let us assume that you are the first physiolegist in the world to 
wonder about blood pressure. Having inadvertently cut into an experi- 
mental animal’s artery, you watch with fearful amazement for a mo- 
ment while the blood spurts out. Then, as you are patching up the dog, 
you begin wondering how great a pressure is exerted by arterial blood. 
You procure another dog, anesthetize it, place a small tube in one of its 
arteries, and attach the other end to a manometer. It reads 120 mm. Hg. 
(This standards unit of fluid pressure means that the pressure of the 
fluid being measured would support a column of mercury 120 milli- 
meters high under standard conditions.) 

Your report is published, and again you receive a note from Comrade 
Umbillikoff, who has also switched to research in physiology. He has 
tried to repeat your results but continually gets between 80 and 90 
mm. Hg blood pressure. Once more you meet, but this time it is hard to 
find anything alike in your two experiments. (“Did you use a little dog 
or a big dog? Mine was a St. Bernard.” “Qh, I used a little fox terrier, a 
young female.” “A female! Mine was a male and a long ways from being 
a puppy. A fat old male.” “Fat, yet! My terrier was skinny.” “What did 
you use as an anesthetic? I like Nembutal.” “But I always use ether.” 
‘What shape were your dog’s arteries in?” “I didn’t notice.” “I don’t 
know, also.” And so on. 

Obviously any of these things and numerous others, possibly 
even some unknowns, could have affected the blood. pressure of 
the dogs. It is this multiplicity of factors that often makes it difficult 
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to impose adequate controls in physiologic research. Blood-pres. 
sure determination is a valuable clinical tool, but as many factors 
as possible—age, sex, size, state of excitement, etc.—are taken into 
account, as we shall see in a later chapter. 


Is Physiology an Exact Science? 

The third point in our definition on page 4 was that to qualify 
as a “science” a field of study must be exact, or on its way to be- 
coming exact. Physiology has not yet satisfied that criterion in all 
respects, but it is receiving help in that direction from workers in 
adjacent fields, especially biochemistry. It is becoming possible, 
for example, to determine and to express quantitatively such 
measures as the amount of blood in the body, iodine-content of 
the blood, oxygen-exchange in breathing, the amount of urea in 
urine, and so on. 

To give you an idea of the sort of advances that are being made, 
radioisotopes might be cited. These radioactive chemical sub- 
stances serve the medical researcher, the biochemist, and the phys- 
iologist as an important new tool. When radioactive iodine is in- 
jected into a patient, for example, and a Geiger counter is held 
against his neck, it is possible to determine how much of the 
iodine is being taken up and held by his thyroid gland, excessive 
need for iodine being an indication of sluggish thyroid cells. If 
radioactive phosphorus is injected into a cow, to give another 
example, it turns up in the milk and may be measured as a reflec- 
tion of the cow’s mammalian efficiency. Or its nursing calf may be 
measured with a Geiger counter to see where the radioactive phos- 
phorus is being stored, one of many such determinations which 
can now be done without lengthy, less definitive, chemical 
methods. 

While it may never be possible to chart the flow of materials in 
the body as accurately as a chemist in a sugar factory charts his 
“flow sheet,” great progress is being made. Physiology is rapidly 
approaching full status as an exact science. 

One problem that physiology shares with all the sciences is the 
persistence in the United States of a double set of measurements. 
Perhaps no single educational reform would contribute as much 
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to our future scientists as adoption in the schools of the metric 
system of weights and measures, along with other decimal systems, 
such as the centigrade thermometer. To stress our point, the entire 
second chapter, though brief, is devoted to describing this univer- 
sal number-language of science. To show that we practice the few 
things we preach, the examples and problems of this book will use 
metric units. 


sPECIAL PROBLEMS OF THE BIOLOGICAL SCIENTIST 


This first chapter has been concerned with matters that will be 
illustrated again and again in this text, requiring explicit state- 
ment before proceeding. We close with a couple of issues that are 
also part of the setting in which the biological scientist works and 
hopes; they involve the principles that he sets for himself. 


The Use of Experimental Animals 


It is hard to imagine how life processes could be studied except 
in living creatures. It is equally hard to visualize treating patho- 
logic physiology, or disease, in the human without first investigat- 
ing causes and perfecting techniques by using whatever laboratory 
animal approximates man in the problem area. 

Nowadays people for the most part are too well informed to 
question the value of medical research. From all sides they hear 
such dramatic stories as how insulin was discovered, a story which 
we will also tell a bit later. They learn that it took thirty years of 
research on incalculable numbers of dogs, cats, rabbits, etc., but 
that there are today some 1% million diabetic humans in the 
United States who depend upon insulin for their very lives, If you 
have had your polio shots, been treated with any antibiotics, in 
fact, undergone just about any medical procedure—curative or 
preventive—you may owe your young life to research initiated on 
animals. And to the extent that your generation escapes our dis- 
eases of the heart and circulation, our cancers, or any of the prob- 
lems of medicine as yet unsolved, you may again thank experi- 
mental animals. 

We would need to say no more except for the fact that there 
lingers, in some quarters, resistance to the use of living animals in 
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physiologic and medical research. The word ‘‘vivisection”’ is still 
defined by Webster as “a cutting into a living animal,” a defini- 
tion which could apply to all of surgery. Unfortunately the word 
became corrupted in the early 1920’s to imply brutal infliction of 
needless pain, operations without anesthetic under disgusting 
circumstances. “Anti-vivisection” became a Cause, attracting a 
motley group of individuals, ranging from the kindly but unin- 
formed to some unscrupulous fanatics. Over a period of several 
years they made many converts; we are, after all, well known as a 
soft-hearted, even sentimental, people. (Recall, for example, pub- 
lic reaction when Russia successfully launched the first animal 
into orbit; there was much more concern about the welfare of the 
little space traveler than about the potentially dire implications 
should it be brought back to earth safely.) 

However, we are also a reasonable, fact-seeking people, and the 
facts are just too obvious to be denied. These are becoming better 
known all the time, thanks to the sincere desire of most journalists 
to tell a good story straight. The journalist is aided by the scien- 
tist’s own awareness that to avoid being misinterpreted he must 
give his own frank account of what he is doing, why, and how. To 
summarize the facts: 

1. The housing and care of his animals, the manner in which 
they are used in the experiment, constitute the first concern of the 
research man. He may neglect his wife, forget to eat lunch, and go 
without his muffler, but he is considerably less likely to mistreat 
his animals. In the first place, it is essential that the animals be 
well cared for if he is to achieve his big goal—a perfectly controlled 
experiment. If operative procedures are involved, the animal must 
be anaesthetized and given every protection and consideration 
customarily accorded a human patient. The operating room, 
everyone and everything in it, must be aseptic; postoperative care 
is as good in most cases, and sometimes better, than you would 
receive in a hospital. Attending to all these controls keeps the 
research man’s mind far too preoccupied for him to engage in 
pointless sadistic schemes. 

2. There is one field in which pain is intentionally inflicted, 
namely, the study of analgesic drugs (“pain-killers”). To develop 


Mow ocience ofudies Life 


THE “OUCHMETER” 


a drug which alleviates pain, tests must involve pain, but note how 
this is done. The device illustrated, called the “Ouchmeter,” 
focuses a beam of light on the tail of a rat. When the heat be- 
comes great enough for the rat to feel pain, he simply twitches his 
tail aside. The time it takes before he reacts thus is a measurement 
of the degree of analgesia produced. It should be obvious that if 
the pain were too great in intensity or duration, the rat might be- 
come neurotic, over-reacting or “hollering before he was hurt,” 
and the test results would be at best ambiguous. 

3. In spite of the foregoing, it must be admitted that the dog- 
runs in certain medical schools are enough to make conscientious 
animal men want to start a Movement of their own. Actually, 
there is an informal but powerful drive to improve conditions, 
with the help of public interest, space, and funds, plus effective 
leadership from within each field of research. One has only to look 
at the new animal quarters at Vanderbilt University or those at 
the University of California at Davis to see what can be done and 
is being done. 

4. While the fate of the homeless dog or other experimental 
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animal will continue to be unfortunate in spite of our best efforts, 
and in a great many Cases, of necessity fatal, we must never forget 
that man is engaged in a struggle for survival against the ills that 
beset him. The words of the immortal Dr. Carlson are beyond 
question: “As between man and the dog, man comes first.” If the 
day should come when medical researchers are forbidden the use 
of living material, the clock of medical progress will stop. At pres. 
ent English laws demand that a dog be decapitated before it is 
used in physiologic research, for example, and there can be no 
doubt that this has severely handicapped British research in the 


field. 


Mechanism versus Vitalism 

Another acrimonious debate has lost much of its fury as the 
true sphere of interest and the true function of science becomes 
known: the question of organic evolution versus the first chapter 
of Genesis. The mechanists hold that all the activities of proto- 
plasm, of the cell, and of the human body itself will eventually be 
explainable by known or knowable physical or chemical laws. The 
vitalists believe that there is something supernatural about living 
things, especially people, which the finite mind of man will never 
be able to grasp. 

A long philosophical discussion of mechanism versus vitalism 
would be out of place in this book, but we must state our point of 
view. The true function of science, simply stated, is to discover the 
truth. The physiologist is not concerned with disproving scrip- 
ture; his areas of inquiry—such things as the function of the 
adrenals, the nature of nerve impulses, what makes the heart beat, 
etc.—are not even hinted at in the Bible. For the purpose of this 
course we must assume the mechanistic point of view. Practically 
everything we will discuss will have resulted from research and 
experimentation, and you may ask yourself: Which of the above 
schools of thought is more encouraging to research? 

We are not taking sides on the question of which philosophy 1s 
right. Many of you are from homes where religion has great spirit- 
ual meaning. Neither the instructor, nor your author, nor anyone 
has the right to persuade you otherwise. In fact, it might surprise 
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you to learn that it is possible to be religious and scientific at the 
same time. The medical missionary, the church-operated hospitals 
and laboratories, and many, many unaffiliated scientists prove that 
faith and curiosity are not incompatible. Some things a man just 
knows; others he must try to find out, no matter how great the 
odds against success. As a working philosophy, we must go along 
with the mechanistic point of view, fully aware that there are 
probably some unsolvable mysteries of life—such as whether 
mechanism or vitalism is more “correct.” 


THE METRIC SYSTEM 
We have said that a science is exact insofar as it 1s 


able to define its 
isely in standard units. All over 


variables and measure them preci 
the world, scientists express themselves numerically in the metric 


system of measures and weights. Only the English-speaking scien- 
tist must learn two vocabularies: in his work the metric system, 
with all units in multiples of 10, gives him obvious advantages in 
measuring and making calculations; the metric scales of his instru- 
ments and the literature of professional journals reflect this uni- 
versal preference. Outside of his laboratory, however, he meets the 
jargon of pounds and ounces, yards, feet, and inches, gallons, 
quarts, pints, and cups; relationships are in multiples of 2, 8, 4, 
12, 16, and so on. 
. Since American education is not apt to effect a reform by the 
time you take this course, the next few pages will outline the num- 
ber-language used throughout this book. The various units are 
presented in abbreviated tables. You will find more complete list- 
ings of metric units and English-system equivalents in your faith- 
catalkh teat dere se problems are intended to familiarize 
by tapes ate a an their interrelationships and, incidental- 
easy manipulation. 
16 
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Length 
The standard metric unit for measuring the distance between 
two points is the meter. 


MEASUREMENTS OF LENGTH 


] meter (m.) = 100 centimeters = 1,000 millimeters = 39.37 inches 

1 centimeter (cm.) = 10 millimeters = 10,000 micra = 0.39 inches 

1 millimeter (mm.) = 1,000 micra = 1 million millimicra = 0.039 inches 
1 micron (4) = 1,000 millimicra (mp) = 1-millionth of a meter 


The working unit for length is the centimeter, one one-hun- 
dredth of a meter. The centimeter expresses length of the magni- 
tude covered by the “inch” in the English system. (The latter 
would be hard-pressed, however, to describe the diameter of a 
cell, much less a molecule.) 

To give some examples of representative lengths, using metric 
units: a giraffe might be 5 meters in height; a man, 2 meters tall, 
or 200 centimeters; a mouse, 10 cm. long; an ant, 5 mm.; a red 
corpuscle, 7 micra («) in diameter; a protein molecule, 100 milli- 
micra (mp) in diameter. 


ENGLISH SYSTEM VS. METRIC SYSTEM 


~<—_— 
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Here are some examples to demonstrate relative efficiency of the 
systems and how to convert numbers from the English to the 
metric: 

A man is 6 ft. 2 in, tall; he ts asked, for a medical report, to 
state his height in centimeters, 
‘There are 12 in. per foot. 
(6 ¥ 12) + 2= 74 in. 
There are roughly 2.5 em. per inch. 
74% 2.5 = 185 cm. 
Planning installation of some new apparatus, a chemist learns 
from his yardstick that he will need a length of lead pipe meas. 
uring 1 yd.,2 ft.,and 4 in. How many centimeters of pipe should 
he order? 


The converting task of the second problem is like that of the 
first; it's a cinch that someone must convert the assorted measures 
into uniform units. Actually, of course, a chemist would have used 
his meter-stick in the first place; he would have simply read off 
“160 om."* 


Area 

The foregoing units are also used in expressing area in the 
metric system, A square surface that measures one centimeter 
along each side is “one square centimeter” (1 cm?). 

To give some examples: 


Asurface 4 x 8 cm, has an area of 32 cm?. 


A room measuring 2 % 3m. hasa floor area of 6 m?, 


Volume and Capacity 

The same metric units are also used in expressing volume. For 
example, a perfect cube measuring 2 cm. to each side has a volume 
of 8 cu. cm. (cubic centimeters). This could be written “8 cm%,” 
also, or “8 cc.” 

* An interesting bit of ingenuity has been widely adopted by draftsmen and de- 


signers who find themselves stuck with “inches” but who intuitively recognize the 
advantages of decimals—a ruler with inches expressed in tenths! 
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Express the volume in cubic centimeters of a lung 8 x 4 X 2in. 
Again, there are about 2.5 cm. to the inch. 
8 in. = 20 cm.; 4 in. = 10 cm.; 2 in. = 5 cm. 
20 x 10 X 5 = 1,000, or 1,000 cc. 


You may encounter the unit liter in your studies. For example, 
there are about 6 liters of blood in the adult body. A liter contains 
1,000 cu. cm.; it is slightly more than a quart. Technically the 
liter is the standard measure of capacity, while the cubic meter is 
the standard unit of volume. For all practical purposes, however, 
they measure the same thing: how much in cubic quantity, either 
in terms of the space occupied or of the stuff itself. The relation- 
ships are listed in the following table. 


MEASUREMENTS OF VOLUME AND CAPACITY 


1 cubic meter (m3) = 1 million cubic centimeters 
1 cubic centimeter (cc.) = 1,000 cubic millimeters (mm3) = 0.06 cubic inch 
1 liter (1.) = 1,000 cc. = 1,000 milliliters (ml.) = 1.06 quarts 


Weight 
In the metric system the basic unit of weight is the gram. It 
is standardized by what one cubic centimeter of distilled water 


weighs at 4° C. 


MEASUREMENTS OF WEIGHT 


1 kilogram (kg.) = 1,000 grams = 2.2 pounds 
1 gram (gm.) = 1,000 milligrams = 0.0022 pounds 
] milligram (mg.) = 1,000 micrograms (ugm.) 


Some typical weights might include: a horse, between 500 and 
1,000 kg.; a man, 50-100 kg.; a big dog, 20 kg.; a rat, 500 gm.; a 
bee, 100 mg.; a bacillus, 5 »gm. To gain a quick appreciation of 
the metric units for weight, consider the problem of expressing 


“mass” of a bacillus in pounds. 


Density 

Every substance has a certain natural density, meaning that un- 
der standard conditions a given volume of it will always have the 
same weight. In the metric system the unit for density is grams per 
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cubic centimeter. Using the information in our earlier definition of 
we may calculate the density of water: 


“oram,’ 
Weight (gm.) 1 ' 
Density = volume (cc) ~~ TO 


Pure water is thus the basic substance in considerations of density; 
it has additional importance in the fact that specific gravity of any 
substance is the ratio of its density to density of pure water. There- 
fore, the following examples of densities are also the specific 
gravities of the substances, since these are numerically synony- 
mous in the metric system: blood, 1.06; mercury, 13.6; alcohol, 
0.8; iron, 8.0; benzene, 0.9; chloroform, 1.5. 

The relationships expressed in the formula for density make it 
possible to calculate an unknown if the other two factors are 
known. Let us demonstrate with a few problems: 


What is the density of a substance if 5 cc. weigh 20 gm? 


A substance has a density of 5. How much will 20 cc. of it weigh? 
Ww 


W 
D=~ 735 =-99: W = 100 gm. 


If a substance has a density of 3, what volume will 90 gm. 
occupy?* 
An object measures 4 X 8 X 10 in. Its density is 5. What is its 
weight?t 

THE C.G.S. SYSTEM (‘‘CENTIMETERS-GRAMS-SECONDS’’) 


This term refers to a system adapted from physics; it is synony- 
mous with the metric system except that it includes a measure- 


_W 90 
*D=733 = +73 8V = 90; V = 30 ce. 


TD= W (gm.) 
V (cc.) 


V= 4X 8X 10 (in.) = 10 x 20 x 25 (cm, = 5,000 cc. 


b= WwW 
= 5,000° VY = 25,000 gm., or 25 kg. 


BOILING POINT 
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ment of time, seconds, the same in this system as in the English 
system, i.¢., one-sixtieth of a minute, 

However, another unit of time, sigma, one one-thousandth of 4 
second, is useful in measurement of very short intervals. We wil] 
encounter it later in connection with the nerve impulse, the veloc 
ity of which is very great. 


TEMPERATURE 


How it happened that Gabriel Daniel Fahrenheit chose the 
rather odd numbers he did for the range of temperature covered 
on the centigrade scale by 0°-100° has, until recently, been a 
mystery. Delving back into history, we now believe that he used 
normal body temperature as his base. He divided the difference in 
temperature between it and the freezing point of water into 66°, 
arbitrarily set his zero 32° below the freezing point, which made 
the boiling point come out at 212°. While this may be an explana- 
tion of sorts, the fact remains that the range of temperature 
covered is the same; since the numbers assigned are arbitrary in 
any case, 0°-100° C. seems more logical. 

Since it is sometimes necessary to convert Fahrenheit into centi- 
grade and vice versa, we must now describe how this is done. The 
formulas below are based on the fact that on the Fahrenheit scale 
“freezing to boiling” extends from 32° to 212°, or 180°; on the 
centigrade scale it runs from 0° to 100°, or 100°. Therefore, 


, 180 
Temp. centigrade x Too + 32° = Temp. Fahrenheit. 
sg 100 , 
Temp. Fahrenheit — 32° x Tso = Temp. centigrade, 


Let us run through one conversion together, and then you may 
try one. 


Convert 50° C, into Fahrenheit, 


180 9 
50 x Too (or5) = 90 


90 + 32 = 122° F, 


Convert 140° F. into centigrade. 


CHAPTER 3 MECHANICAL 


ASPECTS OF LIFE-FUNCTIONS 


Although physiology and anatomy are often studied together, there 
is an important difference between the two. Technically, anatomy 
describes structure while physiology describes the activities of vari- 
ous parts. In either case, however, the cell is the basic unit involved. 
The cell as the basic structural unit has been a traditional concept 
since the time of the first microscope. Only recently, with the elec- 
tron microscope and other advances in technology, has the cell 
come to be generally recognized also as the basic functional unit of 
living things. One result has been the emergence of a new science, 
biophysics. Like biochemistry, it is making great contributions to 
our understanding of how the human body works. 

Toward the end of the first chapter we defined mechanism—the 
stand taken by most scientists—as the conviction that all biological 
processes are explainable in terms of the well-known laws of 
physics and chemistry. It might seem far-fetched to make such a 
statement about a complicated creature like Man with his com- 
plex organ systems, all interacting in a more oF less integrated 
fashion. However, biologic processes, operating at the cellular 
level, are relatively simple and uniform; and they are predictable, 
since they follow certain universal laws which apply to living cells 


as well as nonliving substances. 
23 
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In this chapter we are going to consider in some detail one +5 
these biologic processes, namely osmosis (“the passage of ware, 
into and out of the cell”) and show how it proceeds according w, 
physical and chemical laws. Later on we will encounter other bis 
logic phenomena, including the electrical and the metabolic, buy 
let us begin with osmosis, because it is the most general. It affects 
all cells in the body and is basic to all Jife-functions; we could 
scarcely overstate its importance. Also, we believe that the detail; 
of cell construction and the specialized activities of the various 
cells will be more understandable after this discussion of the 
mechanics involved. 

The cells of the body, then, consist of protoplasm inclosed by 
membranous cell walls. Internally and externally, the cells exist 
in a fluid medium; water is essential to their very life. The water 
requirements vary from time to time; sometimes water must pass 
into the cell to maintain proper balance, sometimes out of it. This 
passage of water through the cell wall—osmosis—is governed by a 
force called the osmotic pressure. 


THE FUNDAMENTAL GAS LAWS 

The above subhead is not a typographical error. It is not so 
round-about as you might think—to approach the subject of os 
motic pressure in fluids by way of the behavior of gases. A gas is 
the simplest form of matter, and the laws which we will be de- 
scribing may be adapted to matter in all forms. Also, we shall soon 
see that substances-in-solution, such as are regulated by osmosis, 
act like gases in many respects. 

The two fundamental gas laws, Boyle’s and Gay-Lussac’s, were 
mentioned in chapter 1 in connection with controlling experi- 
ments involving gases; but let us examine them again. 


Boyle’s Law 


“The pressure of a given mass of gas varies inversely with the 
volume,” states Boyle’s Law. In other words, if the space occupied 
by the gas is increased, the pressure it exerts decreases; if the 
volume is decreased (the gas compressed) the pressure rises. 

We should have a way of measuring these pressures and we do. 
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ALTITUDE AND BAROMETRIC PRESSURE 


This is the function of a barometer. You can make a barometer 
with a long glass tube of mercury, open at one end, and a separate 
dish of mercury. Place your thumb over the open end of the tube 
and invert it, thumb and all, into the dish of mercury. When you 
withdraw your thumb, the level of mercury in the tube will fall, 
but not all of it will flow out of the tube. How much remains de- 
pends on where you are, as the drawing shows. At sea level the 
mercury in the tube will stand at a height of 76 cm. (760 mm.) 
above the level of the mercury in the dish. This is a standard 
measure of pressure and is called an atmosphere. At elevations 
above sea level the air is less dense and exerts correspondingly 


less pressure. . 

In the diagram illustrating “Boyle’s Law,” the barometer is at- 
tached at the right of each cylinder. At first the cylinder is open to 
the outside air, and the barometer (at sea level) reads 760 mm., OF 
1 atm. Next you close the outlet and compress the gas to one-half 


its former volume; the barometer then reads 1,520 mm. Expanding 
the contents to twice the original volume makes the barometer 


drop to 380 mm. 


* says 
pres 


Gay-Lussac’s Law 


“sé - 
The pressure of a gas TISC 
our second law. The question is, 


s with increasing temperature, 
how much? You know that 
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sure cannot rise directly with increasing temperature. If it dig and 
you started out with 30 Ibs. of pressure in your tires on a cold 
morning (0° C.), if by noon the temperature had climbed t, 
sunny 30° C., the pressure in your tires would be 900 Ibs.—excep; 
for the fact that they would have long since blown up. 
Actually, the rise in pressure is according to the absolute scale of 
temperature, a centigrade scale in which the zero is 273 degrees be. 
low 0° C. This “absolute zero” is theoretically the temperature at 
which all molecular motion ceases; it was the point suggested in 
studies involving the Kinetic Theory of Gases (see next section), 
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At any rate, the pressure rises 1/273 for each degree of rise in 
centigrade temperature. To express the above problem of tire 
pressure, 

Rise in temperature: 30 — 0 = 30 centigrade-degrees. 

Rise in pressure: 30 (Ibs.) x 1/273 x 30 (degrees) = 3.08 Ibs. 

Pressure at noon: 30 + 3.08 = 33.08 Ibs. 


Expressed in terms of our familiar gas cylinder and the metric 
system, the drawing of ‘“‘Gay-Lussac’s Law” represents a cubic 
meter of gas being heated from 0° C. to 20° C., while the volume 
is held constant. The original pressure of 760 mm. is increased by 
760 x 20/273, or 55 mm. Therefore, total pressure at 20° C. is 
815 mm. 


What Is Gas Pressure? 


The above properties of gases are explained by the Kinetic Theory 
of Gases, which states that a gas consists of discrete particles— 
molecules—which are perfectly elastic and in constant motion. 
Pressure is a measure of the frequency of bombardment of the mole- 
cules against the walls of the container, or, in the case of a barom- 
fter, against the surface of the mercury. 

Since the pressure depends on the frequency of bombardment, 
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and since frequency would obviously be doubled when the gas was 
compressed to half the original volume, the gas molecules would 
be twice as concentrated and strike the surface twice as frequently, 
Since the effect of increased temperature is to increase the velocity 
of the molecules (by 1/273 for each degree of rise), this too would 
result in greater frequency of bombardment. The assumption that 
the molecules are perfectly elastic must be made; otherwise the 
system would run down until all the little molecules would be 
lying quietly on the bottom of the container. 


Avogadro’s Hypothesis 


Next comes the question of the weight of the gas. Everyone 
knows that some gases, such as chlorine, are heavy, while others, 
such as hydrogen, are light. But the force with which all gases 
strike the surface of the mercury is the same; though heavier, the 
molecules of chlorine travel more slowly, and the lighter mole- 
cules of hydrogen move faster. This brings us to Avogadro's 
Hypothesis, which states in effect: ““A measured number of mole- 
cules of any gas exerts the same pressure as an equal number of 
molecules of any other gas, providing that the temperatures are 
the same.” 


Determining the Molecular Weight of Gases 


Here we must digress a bit and consider the question of molecu- 
lar weights. We have said that chlorine is a “heavy” gas compared 
to hydrogen, which means that each individual molecule of 
chlorine is heavier than a molecule of hydrogen. Obviously, no 
one can place a molecule of chlorine on his balance and weigh it. 
That being true, molecular weights must be relative, not absolute. 
Supposing that you were given the task of assigning weights to 
objects which you couldn’t weigh; you might well start off with 
the lightest and assign it a value of 1, something twenty times as 
heavy, a value of 20, etc. Knowing that hydrogen is the lightest of 
the elements, you might assign it a value of 1. But it can be shown 
that the hydrogen molecule, which is the form in which hydrogen 
exists as a gas, consists of two atoms, the atom being the smallest 
particle possible; therefore, we must assign 1 as the weight of the 
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atom and 2 as the weight of the molecule. (Actually, oxygen was 
used as the measuring stick, according to which the hydrogen atom 
has a weight of 1.008, but we will use a weight of 1 for the sake of 
simplicity). If the hydrogen molecule has a weight of 2, a gas six- 
teen times as heavy, as oxygen is, would be assigned a weight of 32, 
etc. 

Making use of Avogadro’s Hypothesis, let us see how the molec- 
ular weight of a gas may be determined. Remember we said that 
“equal volumes of gases at the same temperature and pressure con- 
tain equal numbers of molecules.” Theoretically any temperature 
or pressure could be employed, but 0° C. and 760 mm. are usually 
used, these being referred to as standard conditions. If we now de- 
termine the volume occupied by a gram-molecular weight (“molec- 
ular weight in grams”—2 gm. in the case of hydrogen) we find it to 
be 22.4 liters under standard conditions. We have then merely to 
weigh 22.4 liters of any gas to determine its molecular weight. 
Incidentally, the number of molecules in a molecular weight of a 
gas is a perfectly astronomic figure, nearly equal to the national 
debt; it is the staggering number of 6.06 x 10, or 6 with 23 
ciphers. This is called Avogadro’s Number. 

Let us try a few problems, just for the sake of practice. 
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Under standard conditions 500 cc. of a gas weighs 0.625 gm. 
What is its molecular weight? 

500 cc. is one-half of a liter; one liter would weigh 2 x 

0.625, or 1.25 gm. 

29.4 X 1.25 equals 28, the molecular weight of nitrogen. 

A liter of another gas at 25° C. and 630 mm. weighs 1.1 gm. 
What is its molecular weight? 

We must first determine what volume the gas would occupy 
under standard conditions. At 25° C. it will obviously be lighter 
(less dense) than at 0°, which is to say, it would occupy a lesser 
volume at 0° GC, Keeping in mind Gay-Lussac’s law, we multiply 
1 liter (1,000 cc.) by 273/298 and get 916 cc. Then, according to 
Boyle's Law, it will occupy a smaller volume at 760 mm. pres- 
sure than it did at 630 mm., so we multiply the 916 by 630/760, 
which comes out 760 cc. 

So the problem becomes: 760 cc. of a gas, under standard 
conditions, weighs 1.1 gm.; what is its molecular weight? 

One liter would weigh 1.1 x 1,000/760, or 1.452; 22.4 liters 
would weigh 22.4 x 1.452, or approximately 32 gm. This is the 
molecular weight of oxygen. 


FROM GASES TO SOLUTIONS 


So far we have talked about gases but have not yet said anything 
about osmosis. We will now do so all at once by quoting Van't Hoff’s 
Law: “Substances in solution behave as if they were gases, occupying 
the volume of the solution.” Later we will consider certain excep- 
tions to this rule, but what Van’t Hoff pointed out was that when 
you stir sugar into your coffee the sugar molecules, behaving as if 
they were a gas, exert a pressure. To demonstrate this, a special 
apparatus is necessary in which we can bring the solution into con- 
tact with water as intimately as possible without allowing actual 
mixing in the usual sense to occur, Separating the two must be a 
thin, semi-permeable membrane, This means that there are tiny 
pores, so tiny that although water molecules can pass through, 
sugar molecules cannot. Such a device, called an osmometer, is il- 
lustrated here. 

When sugar is placed in the cell (the enlarged portion), water 
passes through the semi-permeable membrane and rises in the tube. 
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It is clear that something is holding up the water against the force 
of gravity. That something is osmotic pressure. A model like this 
would be used only for demonstration purposes, Actually, as water 
passes in, the sugar solution becomes more and more diluted; also 
membranes which will stand the osmotic pressure of a concentrated 
solution are hard to make,* 


Molecular Weights of Solids 

We can now show how the molecular weights of sugar and simi- 
lar substances are obtained, You will remember that the molecular 
weight of a gas occupying a volume of 22.4 liters at 0° C, exerts a 
pressure of | atmosphere. If this gas were compressed into a volume 
of | liter, the pressure would be 22.4 atm. Since substances in solu- 
tion behave as if they were gases, if the molecular weight of a sugar 
were dissolved in water to make a liter of solution, this solution 
should exert an osmotic pressure of 22.4 atm. 

Let us consider glucose, far and away the most important sugal 

* However, | once made an osmometer out of a carrot into which concentrated 


‘ugar solution could be introduced; I had to cut holes through two successive ceilings 
and added many lengths of glass tubing, so high did the fluid rise. 
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in the body. Glucose has the formula “CgH,20,”, which means that 
glucose molecules consist of six carbon atoms, twelve hydrogen 
atoms, and six oxygen atoms. Since the molecular weight of any 
compound is simply the sum of the weights of all the atoms, we 
thus add the components of glucose: carbon has an atomic weight 
of 12, six times 12 is 72; hydrogen has an atomic weight of I, twelve 
times | is 12; oxygen has an atomic weight of 16, six times 16 is 96; 
72 plus 12 plus 96 equals 180, the molecular weight of glucose. 

If you now dissolve 180 gm. of glucose, a bit over a third of a 
pound, into enough water to make a liter of solution, about a 


quart, such a solution will exert an osmotic pressure of 22.4 atm. 

It might be instructive to see just how much pressure 22.4 atm. is. If 
we could do the above demonstration in such a way that the sugar solu- 
tion did not become diluted, and if we could prepare a membrane which 
would withstand the pressure, we could calculate the pressure as fol- 
lows: One atmosphere is equivalent to 760 mm. of mercury, which, mul- 
tiplied by 22.4, gives a pressure of 17,024 mm. of mercury. Since it is 
water that is being held up, we multiply this figure by 13.6, the density 
of the much-heavier mercury, and arrive at 231,526 mm. of water. There 
are roughly 25 millimeters to the inch, therefore this would equal 9,261 
in. of water, or 770 ft. Imagine a column of water 770 ft. high, main- 
tained at that height against the force of gravity by a mere sugar solu- 
tion. But that is what would happen, and that demonstrates what a 
terrific force osmotic pressure is. 


Osmotic Pressure and the Freezing Point 


Actually osmotic pressure determinations are so complicated 
that they are seldom made directly. The pressure of the substances 
in solution, however, affects other properties of water as well, in- 
cluding the freezing point. Very accurate thermometers are avail- 
able, such as the Beckman thermometer, which permit readings to 
the thousandth part of a degree. Our solution above, which you will 
remember consisted of 180 gm. of glucose per liter of solution, will 
freeze at —1.86° C, while water freezes at 0° C. Ifa liter of solution 
contains 90 gm. of glucose (one-half the molecular weight), it will 
freeze at —0.93° C., and so on. So osmotic pressure may be calcu- 
lated from freezing point in this way: if a solution freezes at 
—1.86° C., it has an osmotic pressure of 22.4 atm.; a freezing point 
of —0.93° indicates an osmotic pressure of 11.2 atm., etc. 
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It was mentioned above that Van’t Hoff's observation was not 
without exception, Tle was correct as far as sugars are concerned, 
but let us now consider the behavior of a salt, such as sodium 
chloride (NaCl), ordinary table salt. Its molecular weight is 58, the 
sum of the atomic weight of sodium (23) plus that of chlorine (35). 
If we put 58 em, of sodium chloride into a liter of solution, we 
would expect it to have an osmotic pressure of 22.4 atm., since this 
is the molecular weight of a liter of salt solution, Actually we find 
that the pressure is almost twice as great. It is clear that something 
happens in the salt solution that does not happen in the sugar so- 
lution to account for this doubling of osmotic pressure. 

The difference is due to ionization, It is pictured thus: NaCl in 
solution splits into Na ions and Cl ions, Each of these two varieties 
of ions has the same effect on osmotic pressure as a whole NaCl 
molecule would have. Obviously ions are not the same as metallic 
sodium or gaseous chlorine. When you put salt on your eggs and 
eat them, the sodium does not sputter and burst into flame as metal- 
lic sodium does when placed in water; nor does the chlorine in salt 
poison you. The difference is in the electrical charges which the ions 
carry. Acids, bases, and especially salts ionize, some more than 
others. To whatever extent ionization occurs, to that extent will the 
osmotic pressure be elevated. Another name for such substances is 
electrolytes, since their solutions conduct electric current, 


CRYSTALLINE SALT SALT IN SOLUTION 
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Let us now consider a few problems, covering what we have said 
so far about osmosis as a mechanical aspect of cell function. (You 
never really understand a subject like this until you can handle 
problems concerning it.) 

What is the molecular weight of a sugar if 50 gm. dissolved in 
a liter of solution exerts an osmotic pressure of 5.6 atm,? 

If the molecular weight of the sugar were 50, the solution 
would exert an osmotic pressure of 22.4 atm. This solution only 
exerts a pressure of 5.6 atm., which goes into 22.4 four times. 
Therefore, the molecular weight of this sugar must be four 
times 50, or 200. 

What is the molecular weight of a sugar if 100 gm. dissolved 
in a liter of solution freezes at —0.620° C.? 

If its molecular weight were 100, the freezing point would 
be —1.86° C. This solution froze at —.62°, indicating that the 
molecular weight is three times 100, or 300. 

What is the freezing point of a 0.9 per cent NaCl solution? 

A 0.9 per cent solution is 0.9 gm. in 100 cc., or 9 gm. in 1 liter. 
If it did not ionize, the freezing point would be 9/58 of —1.86, 
or —.288°. Since, however, it is ionized into two ions and each 
ion acts as a molecule would, the effect would be twice as great; 
and 2 x —0.288, —0.57. This, by the way, involves what is called 
a physiological salt solution, since it has the same freezing point 
and therefore the same osmotic pressure as does the blood. 


It is probably still not clear to the student why osmotic pressure 
should be exerted in the direction it is. It would seem that if osmotic 
pressure were a function of the substance in solution it should be 
exerted against the water. Not all biologists are agreed, but the ex- 
planation which follows is the one usually given, We must assume 
that all molecules, water as well as sugar, are in motion. In a semi- 
permeable membrane, the pores are only large enough for the water 
molecules to pass through. In the “osmosis” diagram they are in- 
dicated as little circles, while the molecules of the dissolved sub- 
stance are indicated as x’s. Water molecules pass through in both 
directions, but occasionally a large sugar molecule obstructs a pore, 
preventing a water molecule from passing downward; one passing 
upward is not hindered, but simply pushes the larger molecule out 
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of its way. The net result is that more water passes upward than 
downward, and consequently water rises in the tube. This explains 
why osmotic pressure obeys the gas laws: the higher the concentra- 
tion of the dissolved substance, the more frequently will its mole- 
cules act as plugs (“decreased volume, increased pressure’); the 
higher the temperature, the greater their velocity and the _— fre- 
quently will the molecules block the pores (“increased tempera- 
ture, increased pressure’). 


THE NATURE OF THE CELL MEMBRANE 


Everything that gets into or out of the cell must pass through 
the cell membrane. In the animal cell, the membrane is proto- 
plasm but protoplasm that differs somewhat, chemically, from that 
in the cell itself. To these chemical differences the peculiar physi- 
cal properties, toughness and elasticity, of the cell membrane are 
ascribed. The modern view of the cell membrane is that it con- 
sists of protein fibers, interstices filled with a fatty material 
(lipoid), and numerous small pores. Very little if any salt is found 
in the cell membrane, whereas the lipoids are present in a higher 
concentration than within. This peculiarity is brought about 
through the operation of a phenomenon known as surface tension. 


Surface Tension 

If we take a dish containing water and place a coil of copper 
wire on its surface, we find that a certain force is required to pull 
it loose. If a salt is now added to the water, the force required 
will be greater, and we say that salts increase the surface tension; 
if lipoids are added the force required will be less than for water 
alone, and we say that lipoids decrease the surface tension. Now, 
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in a mixture of salts and lipoids, such as is present in protoplasr, 
there is a tendency for salt not to be present at the surface; ify) 
were, it would increase the surface tension, i.e., the energy of the 
system. If you pried a rock loose from a bank you would be greatly 
surprised to see the rock roll uphill; that is comparable to whyay 
would happen if salt crowded its way to the surface. By the same 
token, for a molecule of lipoid to leave the surface would be as 
unusual as for a bar of Ivory soap to sink. It is true that under 
special conditions a salt molecule might be forced to the surface 
or a lipoid molecule might pass inward, but the tendency is fur 
those substances that increase surface tension not to be found at the 
surface while those that decrease surface tension are found there. 

The pores in the cell membrane are somewhat larger than water 
molecules and freely permit the flow of water into and out of the 
cell. Since, however, they permit certain small particles, such as 
certain ions, to pass as well, it is believed that only 80-90 per cent 
of the content of the cell is osmotically active. That is, 10-20 per 
cent which consists of particles small enough to pass through the 
pores could not, of course, contribute to the cell’s osmotic pres- 
sure. 


Fluid Balance 

In considering osmotic pressure, we placed our cell containing 
the sugar solution in water. In the body, the cell is suspended in 
body fluids which also contain many dissolved substances. But 
just as water will pass from a 1 per cent sugar solution into a 2 
per cent sugar solution, so water will pass from any solution with 
a lower osmotic pressure into one with a higher osmotic pressure. 
We have words (and a drawing) to describe these conditions. If 
two fluids are being considered—one within the cell and the other, 
the surrounding medium—the two fluids are said to be isotonic if 
they have equal concentrations of dissolved substances, so that 
the water flows equally in the two directions. If the concentrations 
are not equal, more water will flow from the solution of weaker 
concentration, which is called hypotonic, into the stronger solu- 
tion, which is said to be hypertonic. Water always passes from 
hypotonic into hypertonic solutions, a fact which has certain 
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practical applications. In brain surgery, for instance, an injection 
of a strong salt solution is frequently given prior to the operation. 
The solution, being strongly hypertonic, mixes with the blood 
and renders the blood hypertonic as well. The blood, coursing 
through the blood vessels of the brain, removes water, “shrink- 
ing” the brain. This prevents its bulging through the hole in the 
skull, making the operation easier to perform. As an opposite 
example, when very excessive amounts of water are taken (“water 
intoxication”), symptoms such as headache and convulsions result, 
due to “waterlogging” of the brain cells by the blood which has 
been made hypotonic. 

The accompanying figure shows, first, a system in equilibrium, 
and then possible consequences to the cell when its osmotic pres- 
sure differs markedly from that of its surroundings. This concept 
will be discussed more fully in the next chapter when we see how 
protoplasm regulates osmotic pressures within the living organism. 


Selective Permeability 
It must be admitted that not too much is known about how 
substances other than water enter Or leave the cell except that 
the cell membrane permits some things to enter anid rejects Ot. 
For instance, potassium is found in high concentrations within 
the cell but in very low concentrations in the surrounding fluids. 
Sodium, on the other hand, is found within the cell ~ negligible 
amounts, whereas its concentration in the surrounding fluids is 
high. Calcium behaves like sodium in this respect. The a cf 
ing the intestine permit glucose to pass through with wail 
number of related sugars, SO closely related that a chemis 
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have great difficulty in distinguishing them from glucose, remain 
completely unabsorbed. One explanation for the passage of glu- 
cose through the cell membrane is that it first reacts with phos. 
phorus (“phosphorylation”), which renders it soluble in lipoids, 
Having passed in solution through the lipoids which constitute 
much of the cell membrane, glucose then breaks loose and goes 
inside, leaving the phosphorus behind to make another trip. But 
since certain other sugars are also chemically capable of being 
phosphorylated, it remains a mystery why glucose specifically is 
absorbed and the others are not. Incidentally, the ease with which 
alcohol passes through membranes is readily explained by the fact 
that it is quite soluble in lipoids. 


THE LIVING MATERIAL 


CHAPTER 4 


Protoplasm is the material of which all living tissue is composed. 
It is a complex aqueous solution containing many chemical sub- 
stances, which are present as salts, fats and sugars, and proteins. 
In the body protoplasm exists in discrete units called cells, and 
within the membranous walls of these cells physical and chemical 
reactions are constantly taking place. As a result, physiologic 
properties are manifested. 

Having said all that, just what have we said? Essentially this 
definition of protoplasm implies that if you stirred up some glu- 
cose, fat, and protein, with a bit of salt and a lot of water, you 
would have the stuff of life, physically and chemically speaking. 
But you need not worry about it crawling out of the beaker and 
hiding under the radiator. It does not possess the physiologic 
property of movement nor any other physiologic property. Some- 
thing is missing. 

The nature of that something forms a major source of disagree- 
ment between the mechanist and the vitalist. The mechanist says: 
I must have put in too much salt, or the wrong kind of protein, or 
perhaps I’m lacking some ingredient that we have not yet isolated 
in the laboratory. But the vitalist says: No, you will never find 
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the proper recipe; this mess will never move until the “breath «| 
life” is blown into it, and that power has been denied to man fo) 
all time. 

So far the facts are on the side of the vitalist. No one has created 
life. Nor do we know how life originated on this planet, but we 


can guess. 


THE ORIGIN OF LIFE ON EARTH 


Unless one accepts the first chapter of Genesis as his authority— 
and you are at perfect liberty to do so—explaining how life began 
on earth is simply to assume the existence of certain physical con- 
ditions under which the origin of life became almost inevitable. 
These conditions include (1) cooling of the earth’s surface so that 
water in liquid form could exist; (2) solutions of inorganic salts; 
(3) a source of carbon to form organic compounds; (4) the proper 
kind of atmosphere; and (5) a source of energy. 

The sequence of events was probably as follows: Some four 
billion years ago the surface of the earth had cooled sufficiently 
so that there was water. Salts were added by the erosion of soil and 
by volcanic activity. The carbon source was undoubtedly the car- 
bides—carbon combined with calcium or iron. Carbides react with 
water, one product being acetylene. In an endless multitude of 
reactions, acetylene, or methane from the atmosphere, combine to 
form carbon-chain compounds, some of which, with oxygen liber- 
ated from the water, constitute carbohydrates and fatty acids. 
These are combustible, but we assume that there was no oxygen 
in the atmosphere, so that they could not burn, but once formed, 
remained. The atmosphere was mainly hydrogen, with some meth- 
ane, water vapor, and ammonia (NHs). Here is the source of ni- 
trogen for the amino acids, which in turn form proteins. And 
energy was everywhere available—in the sun’s rays, lightning, vol- 
canic activity, and radioactivity; in fact, everything was probably 
hotter than a firecracker. 

Stanley Miller, at the University of California, has tested the 
hypothesis of amino acid formation under these conditions by 
circulating a mixture of the same gases that constituted the earth's 
early atmosphere between electric sparks. Condensing the result- 
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ant water, he identified a number of amino acids as well as other 
organic compounds in the condensate. 

Finally, we already know that amino acids have a lively tend- 
ency to join with one another to form larger and larger com- 
pounds, the proteins. 

In short, the necessary ingredients for the formation of proto- 
plasm were present in the ponds, lakes, and oceans of four billion 
years ago. And it may well be that there were already stirrings 
of “life” in the slime. Viruses, nucleoproteins or macromolecules 
formed by the aggregation of amino acids and other organic 
compounds, were probably present; and viruses, as we shall see 
later, demonstrate the physiologic properties of growth, metab- 
olism, and the ability to reproduce their kind. We do not know 
what the first protoplasmic organism looked like, but after two 
billion years or so, the culmination was reached: a cell appeared. 

The next two billion years, scientists think, saw the evolution 
of this bit of protoplasm into higher forms of increasing com- 
plexity, including, about 500,000 years ago, man’s first progenitor. 

What happened on earth may have happened on any other 
planet where similar conditions existed, since, as has been said, 
under such conditions the appearance of life is almost inevitable. 
From the standpoint of cosmic affairs, the origin of life on earth 
was as minor an incident as will be its destruction, if we manage 
to bring this to pass. 

Where does the question of the artificial production of life 
(“biopoiesis”) stand at this point? The synthesis of many organic 
compounds has been achieved, and du Vigneaud has even synthe- 
sized proteins of low molecular weight. So let’s give the biochem- 
ists a few hundred years more, and who knows? They might come 
up with something that will crawl out of the beaker and hide 
under the radiator. 


PHYSICAL PROPERTIES OF PROTOPLASM 


P hysically, protoplasm consists of water, salts, sugar, fats, and 
Proteins. The proteins are present as colloids. So important is the 
colloidal state in protoplasm that describing it will serve as a 
summary of the physical properties of protoplasm. 
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‘Vo define the colloidal state: Tf you took a handful of pebble 
and dropped them into a glass of water, they would sink to + 
bottom: if instead you ground the pebbles into a powder, thi 
would not sink in water. [t would be what is called a colloidal 
suspension, Another example ts egg albumen stirred into water 
resulting ina turbid mixture since the albumen particles do tor 
sink. [tis really all a matter of particle size, Whether the material 
is rock, as in the first example, or protein, as in the see ond case 
the particles are within the colloidal range if their average diate 
ters are between Limp and 100 my. (You will remember that one 
millimicron equals one one-millionth of a millimeter.) 


Tho Colloidal Factor in Osmotic Pressure 


The component of protoplasm that exists in the colloidal state— 
the proteins—may be seen, with the help of the accompanying 
drawing, as the main factor influencing fluid exchanges between 
the cell and its medium, or surrounding environment. The cell 
membrane itself is completely impermeable to anything as large 
as particles within the colloidal size range. The exchange is pos- 
sible because the cell is constantly tearing down and building up 
its protein content. When the concentration of dissolved’ sub- 
stances is the same inside the cell as outside, the osmotic pressures 
are equal, the solutions are said to be isotonic, and fluids flow 
equally in either direction, The equilibrium is disturbed when 
protein molecules are broken down into smaller amino acid mole- 
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geved. Actually the same property enables the cell to regulat 
ies internal pressure. for the amino acid building blocks tony se 
gnite to form protein molecules again. In the third sketch this 
yperati on—formation of protein particles from amino acid, reduc- 
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ing concentration of materials within the cell— has caused the 
guid inside the cell to be hypotonic—less concentrated—and water 
leaves the cell. 

The importance of proteins in matters concerning osmotic 
pressure W ill be stressed repeatedly in this text. They have a large 
part to play in tissue fluid formation, in the functioning of the 
kidneys, and elsewhere. 

Important as the breakdown and build-up of proteins is in 
maintaining osmotic pressure conditions within the cell, the 
absol ule effect of proteins on osmotic pressure is never very great, 
since it is impossible ever to have a very strong solution. It will 
be remembered that a molecular weight (180 gm.) of glucose in a 
liter of solution had an osmotic pressure of 22.4 atm. To get the 
same osmotic pressure using a protein would require that you 
dissolve a molecular weight of it into a liter. But the average 
molecular weight of a protein might be around 100,000 gm. This 
is 100 kg. or 220 pounds. Imagine two 100-pound sacks and one 


20-pound sack having to be crammed into a quart of water. Ob- 


IT CAN'T BE DONE! 
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viously, that is an impossibility. Blood plasma is a fairly Viscous 
solution, and it contains only 7 per cent protein, or 7 gm, per 
100 cc., or 70 gm. per liter instead of 100,000 gm, However, it j, 
the relative effect of small changes in osmotic pressure produced 
by a greater or smaller amount of protein on either side of 4 
membrane that makes their importance so great. 


Adsorption Reactions 

The colloidal element of protoplasm also makes possible an. 
other cellular function that is essential to life and obviously re. 
lated to maintaining fluid balance—the adsorption of nutrients, 


To illustrate: 


We are assigned the problem of making sulfuric acid, Its formula, 
H,SO,, suggests that we should use water and an oxide of sulfur, How- 
ever, when we burn sulfur, we come out with SO,, which, plus water, 
gives us H,SO, instead of H,SO,, the former being a very weak acid. 
But if we could get the SO, to combine with an atom of oxygen, that 
would give us SO3, which would combine with water to give H,SO,, 
and we would have it made. If you place SO, and O, in a tank—both 
are gases—and leave them, they will very slowly react to give SO. This 
is a place where a catalyst should prove valuable, a substance that 
speeds up chemical reactions without it itself being used up in the 
process. We will try platinum, since platinum is known to catalyze 
similar reactions, and place a few pieces of platinum in the tank. The 
reaction is hardly speeded up at all, But, and this is the point, if we 
grind the platinum into particles of colloidal size and throw a handful 
of the dust into the tank, the reaction proceeds with almost explosive 


rapidity. 

The question is, What difference did it make to grind the plati- 
num into such small particles? The answer is, When we did so, 
we increased the surface area enormously, and adsorption reac- 
tions take place at the surfaces of particles. If a cube of platinum, 
I cm, to the side, giving a surface area of 6 sq. cm., is ground into 
particles of 100 my—the upper limit of our colloidal range—the 
total surface area of the particles will be 60 square meters! * 


s to catalytically 
€ sInog problem 
platinum in 
tical. 


_ * Incidentally, the use of platinum in automobile exhaust pipe 
increase the combustion of gasoline has been suggested to combat th 
in Los Angeles. However, it is estimated that this would use up all the 
the world and cost each car owner $500.00, The idea does not seem very prac 
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Change of Phase 


Protoplasm may exist in many forms, fluid, gelatinous, clear, 
thneat’y. granular; it may be a liquid at one time, changing to 
il semi-solid at another. The capacity of colloidal suspensions to 
assume different consistencies—"‘ hange phase,” as it is called—is 
most commonly illustrated by the solution of gelatin in water. 
Left in a cool place, this soon sets into a jelly-like mass. As ex- 
pressed in the drawing, it changes from a sol to a gel. These states 
are reversible, so that in a slightly warmer room the gel will revert 
to a sol. 

An example applied to the body is the contraction of muscle. 
In the muscle fiber there are alternate dark and light bands, the 
light region being protoplasm in the sol phase and the dark bands 
being protoplasm in the gel phase. What makes the muscle con- 
tract will be considered later, but the actual physical happening 
d becomes gel, (i-e., the reaction is sol-gel) 
ns and shortens. When relaxation occurs, 


is that much of the flui 
and the muscle thicke 
the reverse event takes place: gel—sol. 
The clotting of blood is also thought to be a similar reaction, 
the liquid blood becoming solidified in the clot, sol-gel, a re- 


action that is not reversible in this case. 


A LIQUID SUSPENDED 


ISPERSED 
A LIQUID D'S IN ANOTHER LIQUID 


A SOLID DISPERSED 
IN A SOLID 


IN A LIQUID 
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CHEMICAL PROPERTIES OF PROTOPLASM 
Composition 

All protoplasm consists oF water With varyiig aiioniin ob attics 
materials dissolved in it, “The amount of water in dillerent types 
of tissue varies greatly, from 20 per cent in adipane thane, which 
is mainly fat, to 80 per cent in the kidney and Wh per cent in the 
nervous system, In general, young cells contin more water thin 
old cells; glandular cells ave especially “juley," Other conmtitinerity 
also vary greatly, but on the average one ean say Chat protoplin 
is about 85 per cent water, 10 per cent protein, Lo per cent canbe 
hydrate, 2 per cent fat, and 1.5 per cent salty, “Phe salti, becuse 
they are present in relatively large amounts, have small molecules, 
and ionize, are chiefly responsible for the absolute osmotic pres 
sure, while the proteins, as has been said, are responsible mainly 
for the minute-by-minute changes which draw water inte, oF 
expel it from, the cell, Compare the discussions on pages $0047 
and 42-43, 

It may be well to point out that the number of molecules in 
even a tiny bit of protoplasm is enormous, ‘Thus, Hofmeister his 
calculated that in a single liver cell (an “average” size cell) there 
are: 225,000,000 million water molecules, 53,000 million protein 
molecules, 166,000 million fat molecules, and 2,900,000) million 
miscellaneous molecules. ‘These figures make the complexity of 
protoplasm more impressive than do mere statements of percent: 
age composition. 


Chemical Reactions 

A large number of chemical reactions are constantly taking 
place within the cell, They will be mentioned here, although 
more will be said about them in context throughout. 


Neutralization. —All acids have an ionizable hydrogen atom; that is 
what makes them acids, Thus: 
HCl ~ H+Cl-; 
HNO, — H+(NO,)>; and 
H,CO, — Ht (HCOs;)~. 
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All bases have an ionizable OH (hydroxyl) group, thus: 


NaOH — Nat(OH)-; 
NH,OH — NH,+(OH)-~; and 
Ca(OH), — Cat+2(OH)-. 


When an acid and a base are mixed, neutralization takes place. It is well 
known that unlike charges attract each other; therefore, combining the 
first acid above with the first base gives the following: 


HCl — H+Cl-; NaOH — Nat(OH)-; 
H+Cl- + Na+(OH)- — NaCl + H,O. 


Hydrolysis. —This reaction may be defined simply as the breaking up 
of a large molecule into smaller ones by the introduction of a molecule 
of water. Chemical substances which are hydrolyzed have usually been 
joined together previously by the squeezing out of a molecule of water; 
this latter reaction being called condensation. In simplest form, these 
reactions could be expressed as follows: 


X-OH plus H-Y > XY plus HOH 
condensation 


XY plus HOH — X-—OH plus H-Y 
hydrolysis 


More will be said of hydrolysis under Digestion, since the chemistry of 
digestion is simply one hydrolytic reaction after another. 

Oxidation.—The oxidation of foods by the body is a long and com- 
plicated process that we will try to reduce to useful simplicity. In its 
simplest expression, oxidation is merely the burning of food—the com- 
bining of oxygen with carbon or hydrogen atoms. 


These reactions can be expressed: 


C+ 0,— CO,; and 
H. + O = H,O. 


Perhaps we might examine the first reaction more critically. C+ O» 
— CO, means, first of all, that carbon unites with oxygen to form car- 
bon dioxide. But it says more than that. The symbol “C” stands not only 
for carbon as such, but for a definite amount of carbon, namely, 12 gm. 
(This is because 12 is the atomic weight for carbon.) The symbol “O,” 
stands not only for oxygen, but for a definite weight of oxygen, namely, 
32 gm. (The atomic weight of oxygen is 16, 2 x 16 = 32.) Finally, the 
symbol “CO.” stands not only for carbon dioxide but for a molecular 
weight of carbon dioxide, which is 44 gm. (C = 12, O, = 82, 12 plus 32 
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equals 44 gm.) So what the equation tells us is that 12 gin. Of Cartes 
unite with 32 gm. of oxygen to form 44 gm. of carbon dioxide. Pu, 
thermore, we know that one gram-molecular weight of any gas, unde, 
standard conditions, occupies a volume of 22.4 liters. The Oy in ony 
equation is a gram-molecular weight, as is the GO, So our equation fj 
nally says that to burn 12 gm. of carbon, 22.4 liters of oxygen will be 
required and the product will be 22.4 liters of CO,. 

Let us now consider the oxidation of glucose (CgH 04). Notice thar 
the hydrogen and oxygen are present in the same proportions a5 they 
are in water; in other words, the formula could be written C,(H1,0),, 
which means that all there is to burn in glucose are the six carbon ators 
So we write: 


CoH 1209 + O2 7 CO, + 6H,0. 


If all the carbon atoms are burned to COg, there will be 6 CO,. Each 
required an Oy, so 6 O, enter into the final equation: 


CoH 1204 + 60.— 6CO, + 6H,0. 


Just to check this, let us add the weights on cither side of the 
equation. 

Earlier we determined that glucose has a molecular weight 
of 180 gm. The weight of the oxygen is 6 x $2, or 192 gm.; 180 
plus 192 equals 372 gm. On the right side we have 6 x 44 = 264, 
for the CO,; and 6 x 18 = 108, for the water; 264 plus 108 
equals 372 gm. 


Now let us see what the equation CgH,Oy4 plus 6 O, — 6 CO, 
plus 6 H,0 tells us: 


. It tells us that glucose burns to form carbon dioxide and water. 

2. It tells us that 180 gm. of glucose requires 192 gm. of oxygen to burn 
it, thus producing 264 gm. CO, and 108 gm, of water. 

8. It tells us that 180 gm. of glucose requires 6 x 22.4 = 184.4 liters of 

O, to burn it and produces 6 x 22.4 = 184.4 liters of CO. And if the 

water were present as vapor, there would also be 6 x 22.4 = 134.4 

liters of water vapor. 


— 


PHYSIOLOGIC PROPERTIES OF PROTOPLASM 


We come now to those properties of protoplasm that are pe 
culiar to it. When a system displays these properties, we say that 
it is “alive.” Fundamentally there are three such properties: it- 
ritability, metabolism, and reproduction. Some authors list also 
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Jgcomotion, contractility, and conduction, but we consider these 
to be special cases of irritability, We regard growth, another can- 
didate, as a function of metabolism, 


irritability 

The most basic definition of irritability would be “the ability 
to respond to a stimulus,” 

There are two types of stimuli: changes in the external or in- 
ternal environment; and nerve impulses, We may succeed some- 
day in putting changes in internal environment and nerve im- 
pulses under one tent. Responses represent the typical behavior of 
a tissue or Organ when stimulated: for a muscle, it would be con- 
traction; for a nerve fiber, conduction; and for a gland, secretion. 

External stimuli—Changes in the environment are perceived 
by the senses. The sight of a rapidly approaching car is sufficient 
stimulus to cause you to jump wildly for the curb; a poke in the 
eye with a sharp stick causes tears to flow; a sudden, loud noise 
may cause one to cringe. In these cases, sensory receptors have 
been stimulated by the environmental change, sight, pain, or 
sound; there are, of course, other receptors for other senses. Re- 
sponses to stimulation of these receptors is varied and unpredict- 
able, in contrast to most changes in the internal environment, 
and much of the discussion in our chapter on the nervous system 
is devoted to explaining them. The response is usually some form 
of muscular activity, but it may be inhibition of muscular activity 
—one may be paralyzed by fright—or glands may be stimulated to 
secrete, as one drools over the odor of a well-cooked steak. 

Internal stimuli.—That changes in the internal environment of 
the body should act as stimuli is not surprising. The body is essen- 
tially conservative and reacts to and opposes any change. The late, 
great physiologist, Walter B. Cannon, coined a word to describe 
this fact: homeostasis. This means the desire on the part of the 
body to maintain things as they are. Whole organ systems and 
parts of many others are devoted to this function. Any change in 
the existing conditions, any change, say, in the composition of the 
blood in respect to some constituent, is immediately noted and 
reacted to; in other words, such change acts as a “stimulus.” Let 
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us consider an example of a change in the internal enviroiinesy 
and the body’s response to it. First of all, by “internal environ 


ment” we mean the composition of the blood and tissue tid, 


particularly the latter, since nearly all body cells are bathed in it, 
but since a change in the composition of the blood is albinos 
immedately followed by a similar change in the issue Maid, we 
can, for simplicity’s sake, speak only of the blood, 


There are four small bodies embedded in the thyroid gland; these 
bodies are also glandular and collectively are the parathyroid: gland, 
If they are removed from a dog, within 2448 hours the most alarming 
symptoms occur. Beginning in the hind quarters but gradually progress 
ing forward, muscular twitchings occur which become more and more 
pronounced, followed by complete tetany, ‘That is, every muscle in the 
dog's body is violently contracted; he is so stiff that you can pick him 
up by one end, as if he were a board, This intense muscular contraction 
must be a “response” to a “stimulus,” but what is the stimulus? H you 
take a sample of the blood plasma of a normal dog, you will find that 
it contains a small but definite amount of calcium, to be exact, 10 mg, 
per 100 cc. If you now take a sample of the blood plasma of this animal 
lying in tetany on the floor, you find that his blood plasma contains 
only 5 mg. of calcium per 100 cc. of blood, instead of 10. This then is the 
stimulus—a change in the internal environment, in this case in respect 
to calcium. To prove that it is the fall in blood calcium which is re- 
sponsible for his condition, you need only to inject him with enough 
calcium to bring the blood level back to normal; in a very few minutes 
he will be up on his feet, wagging his tail and looking for his dinner, 
To prove the point further, if you inject a normal dog with sufficient 
calcium to raise the calcium level of the blood very much, the effect, as 
one would expect, is just the opposite; the muscles become soft, flaccid, 
and toneless. You can pick up the dog by his midsection and his head 
will touch his tail. It is the function of the parathyroids to control this 
facet of homeostasis, never permitting the calcium level to fluctuate 
greatly from 10 mg. per 100 cc, thereby insuring proper functioning 
on the part of the muscles, 

Many examples of a change in the internal environment acting 
as a stimulus could be given, in fact, one could say that the entire 
endocrine system functions in this way. Each member of the 
endocrine system secretes a hormone (or hormones), which are 
passed into the blood. Increases or decreases in their concent 
tion represent changes in the internal environment and the re 
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sponses t such changes are many. Thus an excess of thyroxin 
il produce responses throughout the body: the heart sill. fen 
faster the muscles will burn more food, the irritability of the 
nervous system will be increased, etc. 

Nerve impulses as stimuli.There is evidence that the nerve 
acts by chemical means, that is, that the nerve impulse 
that causes a muscle to contract does so, not directly, but through 
the elaboration of a chemical substance. This phenomenon was 
discovered by an Austrian, Otto Loewi, in a study of the frog 
s illustrated by the accompanying sketch. 


impulse 


heart; it J 

The heart is supplied by two sets of nerves—the vagus and a branch 
of the sympathetics. Much will be said of these nerves later; for the 
present it is enough to know that nerve impulses to the heart over the 
vagus tend to slow it down, while nerve impulses over the sympathetics 
tend to speed up the heart rate. Under appropriate conditions, the frog 
heart can be dissected from the body and continue beating; it must be 
yerfused with a proper fluid, one of the best being Ringer’s solution, 
which is purified, boiled water with definite small proportions of so- 
dium-, calcium-, and potassium chloride added. 


VAGUS | NERVE 


TO yue= SS 

rons 
PERFUSION S00 
APPARATUS Se 
AND maroc Des 
BACK 

TRANSFERENCE 

TUBE 


MEDIATION OF A NERVE IMPULSE 


CHEMICAL 


52 The Living Materia| 


Loewi attached a tube to a freshly removed, still-beating frog heart 
and forced Ringer's solution to flow through the blood vessels of the 
organ under the proper pressure. The perfusing fluid was passed re. 
peatedly through the heart (4 in the drawing), and all the while it was 
beating, Loewi stimulated its vagus nerve. Gradually the heart beat 
slowed down. Then a second heart (B in the drawing), beating at its 
normal rate, was perfused with the fluid that had been circulating 
through heart 4. The second heart also slowed down, exactly as if its 
own vagus had been stimulated. It was clear, therefore, that the con- 
tinued stimulation of the first heart had resulted in the elaboration of 
a chemical substance which had dissolved in the perfusing fluid, for 
when that perfusing fluid was passed through the second heart, it dem- 
onstrated its presence by slowing the second heart down. This substance 
was later identified as acetylcholine. Later, too, the action of the sym- 
pathetics in speeding up the rate of the heart was shown by W. B, 
Cannon to be due to the secretion of another chemical substance, sym- 
pathin. These discoveries are of the utmost significance and will be dis- 
cussed more extensively under the nervous system.* 


Now to conclude: If the stimulation of nerves in general, act- 
ing through the secretion of chemical substances, produces changes 
in the internal environment, then we may add the changes due 
to the flow of nerve impulses to those produced by other means, 
and say: Both types of stimuli represent changes in the internal 
environment. The response, however diverse it may seem in ac- 
cordance with the kind of specialization that the particular tissue 
has undergone (contraction for muscle, secretion for glands, etc.), 
results from changes in the physics and chemistry of the proto- 
plasm of that cell. So we may now propose a better definition for 
the irritability of protoplasm and say simply that irritability 
represents changes in the physical state and in the type and rate 
of chemical reactions taking place within the protoplasm in re- 
sponse to changes in the internal environment. In short, the cell 
is sensitive and responsive to what occurs around it. 

But supposing that nothing occurs around it, what then? No 
doubt chemical reactions continue but do not cause change, and 
there is consequently no evidence of activity. 

* Loewi literally dreamed up this experiment. He states that the idea came to him 
full-fledged in a dream. He sprang from bed, rushed to his laboratory, and, before 


dawn, had performed the experiment, establishing the principle of chemical control 
of heart rate. For this he received the Nobel prize in 1936. People should dream more. 
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The question as to whether protoplasm ever displays spontane- 
ous activity is one which biologists have kicked around a great 
deal, but the evidence appears to favor the view that it does not. 
Spontaneity cannot, therefore, be classed as a physiological prop- 
erty. If one only looks long enough, a stimulus can either be 
found or logically inferred, 


If you poke a paramecium with a sharp needle, it swims away. That 
is a response to an obvious stimulus, But here is one lying quietly, and 
suddenly, apparently of its own volition, it swims away, Surely that was 
spontaneous? Not necessarily, The paramecium is constantly eliminat- 
ing CO», and CO, with water forms carbonic acid. So, while he quietly 
lay there, he continued to add to the concentration of carbonic acid in 
the water around him. Finally, it became so strong that it made him 
uncomfortable, and he moved away. There was, then, a stimulus, name- 
ly the rising concentration of carbonic acid, 


Do not dreams occur spontaneously? No, no matter how deeply 
asleep you are, there are always nerve impulses passing into the 
brain, many from the internal organs of the body. Note the fre- 
quent reports of nightmares following some dietary indiscretion 
before retiring. So while you sleep your brain never does, and the 
flow of incoming nerve impulses is the “stimulus” to which the 
response is the dream. 


Metabolism 

We may simply, and for present purposes, define metabolism 
as “the use which cells make of food.” It has been mentioned that 
the cell is never static, that protoplasm is continuously being built 
up and broken down. Thus the foodstuffs taken into the cell may 
be converted into new protoplasm, may be stored there tempo- 
rarily, or may be reduced to simpler compounds and finally oxi- 
dized. There are, therefore, two opposing types of metabolism: 
anabolism, the building-up process, and catabolism, the breaking- 
down process. In general, anabolic processes require energy; cata- 
bolic processes liberate energy. In fact, the energy liberated by 
catabolism provides the energy required for anabolism. If anabo- 
lism exceeds catabolism, the cell must increase in mass, that is, it 
must grow. If catabolism is in excess, the cell must decrease in 
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mass, The first condition prevails in youth, the second, im old 
age, Witness the wrinkles and creases in the skin of old: people 
and their actual decrease in height, 

The laws that control the relationship between anabolism and 
catabolism are not at all well understood, We know that certain 
hormones are necessary, For instance, in the absence of the thy- 
roid gland, the child called a eretin does not grow, We also know 
of a hormone secreted by the anterior lobe of the pituitary gland 
which, when deficient, results in dwarfism, when secreted in ex. 
cess, results in giantism, 

In the young cell, the “anabolic urge” is strong and the cell 
grows. However, it is clear that growth cannot proceed indefi- 
nitely, The drawing shows the diminishing ratio of surface area 
to volume as the cell increases in size, What is happening, of 
course, is that the volume increases as the cube, the surface area 
only as the square, of the dimension, The cell represented would 
soon be too massive to be supported by its cell membrane, through 
which must pass everything needed and rejected by the cell. One 
of two things will happen; cither the cell will stop growing, or, 
if the anabolic urge is sufficiently great, it will divide, thereby 
adding much surface area to the same volume. This brings us to 
another physiologic property, namely reproduction, or cell divi- 
sion, or more technically mitosis. 
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Reproduction 


Components of a cell.—Before considering mitosis, it will be 
necessary to describe the cell itself in somewhat greater detail. 
The theory that all organisms consist of tiny units called cells 
was contributed to biology in 1838 by Theodor Schwann, a physi- 
ologist, and Matthias Schleiden, a botanist. Since then the theory 
has been so abundantly verified—probably by everyone using this 
text, for example—that it is a theory no longer. Many types of cells 
will be described in the following chapters; the sketch here is 
meant to represent a typical cell. 

We have already discussed the cell membrane. Beneath this lies 
the protoplasm of the cell, the cytoplasm. Within the mass of cyto- 
plasm lies a spherical or ovoid body, the nucleus. In the resting 
cell the nucleus appears to consist rather uniformly of a fine gran- 
ular substance—the ¢ehromatin—which turns blue with ordinary 
stains, As we will soon see, this material is of the greatest impor- 
tance in cell division. The nucleus is enclosed by the nuclear 
membrane, which, however, is not as permanent as the cell mem- 
brane; it disappears during cell division. Often, though not al- 
ways, a bright, shiny body appears within the nucleus; this is the 
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MITOSIS 


nucleolus; its function is unknown. Included in the cell are other 
structures, the mitochondria and the Golgi apparatus, whose func- 
tions are also only imperfectly known, although it is believed that 
the former represent a complex of enzyme systems and that the 
Jatter are particularly important in the process of secretion by 
glandular cells. A few vacuoles are usually present and granules 
of different kinds. Above the nucleus is a bright, highly refractile 
body, called the centrosome. 

Cell division—In the animal cell, mitosis begins with the cen- 
trosome. A mass of coagulated protein (sol-gel) forms around 
this attraction sphere, sometimes called the “aster,” since it re- 
sembles that flower (see sketch A of the drawing). The centrosome 
divides (sketch B), and the halves migrate to opposite sides of the 
cell, The attraction sphere is pulled out into strands; this looks 
like a spindle, so that these are called spindle fibers (sketch C). At 
the same time the chromatin material forms into long slender 
threads, which shorten and thicken into the compact chromosomes. 
The nuclear membrane has been gradually disintegrating and 
can no longer be seen in sketch C. 
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very strange thing. Each chromosome produces an exact 4 lia 
of itself. How they accomplish this we do not know, but an an 
will be made to explain it in the next chapter. For a time, then 
the human cell has two identical sets of chromosomes, a total of 
96, but in the next stage (£) the pairs are pulled apart, apparently 
by the spindle fibers, toward the opposite poles. A constriction 
appears in the cell wall, deepens (F), and eventually pinches the 
cell in two, each half containing 48 chromosomes. A nuclear mem- 
brane forms around the chromosomes, and they “dissolve’’ into 
chromatin once more. There are now two cells where there was 


only one. 


Does Only Protoplasm Show Physiologic Properties? 

Since we have said that a system showing these properties— 
and reproduction—may be regarded as 
being “alive,” the question naturally arises, Are any of these prop- 
erties demonstrated by anything except protoplam? =, 
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VIRUS SPREADS THROUGH ENTIRE FIELD 


caused diseases, such as smallpox, polio, and influenza, so they 
were thought of more as bacteria than anything else. Bacteria are 
protoplasm so it was supposed that viruses were also, a very tiny 
organization, no doubt, but still protoplasm. They could not be 
seen and could be raised only on tissue culture, but there had 
been a time when bacteria could not be seen or raised either. 


Stanley's original work was done with tobacco mosaic virus, mainly 
because here he could find a large source of raw material, Diseased 
tobacco leaves were collected and the virus obtained from them, using 
reagents so drastic (strong alcohol, acids, etc.) that no protoplasmic 
structure could have survived. When he was through, he had a small 
bottle of white crystals. The fact that the material was crystalline is 
important. To the organic chemist, crystallinity is the guarantee of 
purity; hence, crystalline sugar is sugar, nothing else. But what about 
protoplasm? What we have emphasized over and over is that proto- 
plasm is a mixture of many things; crystalline protoplasm simply does 
not exist. 

Having obtained the virus, Stanley dissolved a bit of the crystals in a 
large volume of water and sprayed a tiny amount of the solution on 
tobacco plants. The virus grew; it thrived; it spread over acres of 
tobacco. He could almost have counted the few molecules he used, and 
he might have harvested a hundred pounds of the virus. So it obviously 
must have reproduced, one of the physiologic properties of protoplasm. 
It used the tobacco plant as food, so it must have metabolized, another 
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Recently it was reported that the tobacco mosaic virus had been 
split into inactive fragments and resynthesized into the original 
active virus. While this was certainly a great achievement, for the 
newspapers to hail it as the “creation of life” appears a bit pre- 
sumptuous. In the first place, the fragments themselves had not 
been synthesized; in the second, the question of whether a virus is 
actually “alive” is certainly open to debate; in any event, the big 
step, going from a virus to a protoplasmic system, even to such 
a simple protoplasmic system as a bacterium, remains to be taken. 

The details of how the viruses multiply are not known. Some 
think the virus “explodes” into a large number of pieces and each 
piece regenerates into a whole virus particle before exploding 
again. Others believe it simply divides in half and that each half 
regenerates into a whole particle. However that may be, may 
there not be a hint here as to the replication of chromosomes? 
That is, if viruses can duplicate themselves, why should not 


chromosomes? 
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of ameba, for instance, will live endlessly as long as favoraby, 
conditions are provided; as an ameba grows old Ht simply diviq,. 
into two young ameba. In 1913 the French biologist Alexis Carrey 
began the culture of an embryonic chick heart; in 1946, when the 
experiment was terminated, it was still as alive as it had ever been, 
(Except that only very small bits were used for each fresh culture 
the mass would have weighed thousands of tons.) OF course, bs 
organ systems become more specialized, they also become More 
vulnerable, and so the human dies of heart disease, kidney disease, 
etc.; but part of his protoplasm—the part transmitted as germ, 
plasm to his offspring—carries on to produce future generations, 
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CHAPTER 5 HEREDITY 


When mitosis was described, it was shown that each of th 

daughter cells begins its individual life with the same dies 
some number as the mother cell, this being the proper number of 
chromosomes for the particular species. Mitosis is all very well 
for amebas and other very simple animals that reproduce by di- 
viding in two. It also applies to cell division within most parts of 
the anatomy of complex animals. For example, when cells divide 
in the human liver or muscle or skin, the new cells end up with 
the human chromosome number of 48. Mitosis enables somatic 


cells to reproduce their kind. 
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ively jnactive until the individual] approach. 
that js, at the age of 1]-13 years in the female 
Then these cells, containing 48 chromosomes 
begin producing functional germ cells—eggs or sperm, collectively 
known as gametes—by the reducing process we are about to dg. 


After meiosis, or reduction division, the human sperm has 
has 24, so that the zygote has the 


called, are relat 
sexual maturity, 
12-14 in the male. 


scribe. 
24 chromosomes and the egg 
normal complement of 48. 


Spermatogenesis 

Meiosis is a somewhat complicated process, which is easier to 
explain and comprehend with the aid of simplified drawings. We 
begin with a cell in the testis that is about to undergo meiosis, 
For convenience we show only 4 chromosomes instead of 48 in 
shetch 1. The white ones, let’s say, originally came from the indi- 
vidual’s mother, the black ones from his father. 

First, the chromosomes pair off (synapse) in pairs of homologous 
chromosomes, as shown in sketch 2. 

Next (sketch 3), each replicates itself, as in mitosis. The result 
is called a tetrad—two pairs of twin chromosomes. 

The first meiotic division occurs in 4, separating the pairs of 
homologous chromosomes from each other. This is followed im- 
mediately by 5, the second meiotic division, producing four sperm 
(two different kinds). 

Sketch 6 shows another arrangement that the same two pairs 
of homologous chromosomes might have fallen into with equal 
probability. This arrangement would give two further kinds of 
sperm (sketch 7). With only two pairs of chromosomes, then, 
chance would permit four varieties of sperm (sketch 8). 

Sketches 9 through IJ show what happens if three pairs of 
chromosomes are contained in the germ cell undergoing spermato- 
Meant ies arrangements are possible, as shown in 10, permit- 
sel tha pre of “the If all 24 pairs of chromosomes are jug 

possible arrangements, a man’s genetic traits 1- 


herited from his parents might be transmitted to his child in any 
one of 16,777,216 kinds of sperm. 
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from the egg. In other words, he receives two sets of chromosomes. 
Now, for each chromosome in one set there is a matching chromo- 
some in the other, similar in respect to size, shape, and most im- 
portantly, in respect to the genes which it carries. In meiosis these 
chromosomes line up side by side and fuse. These are homologous 
pairs of chromosomes. * 

Imagine it this way. Twenty-four couples are lined up, entering 
a theater. Each couple must consist of a man and a woman, as in 
each pair of homologous chromosomes one is from the father, the 
other from the mother. There is nothing haphazard about that 
part of it. But there is no law that says men must line up behind 
men and women behind women; in that respect they may line up 
in any way that chance dictates. On entering the theater the 
couples split, one line going one way, and the other line, the other. 
Similarly, having lined up, homologous chromosomes separate 
again, and the cell completes its division. Each of the two offspring 
cells finally contains 24 chromosomes. Some are from the father, 
‘ome from the mother, just as our two theater lines contained men 


7 - 
is <- fact, chromosomes must be homologous for meiosis to occur. If a male ass (jack) 
is cone to a female horse, the union is fertile and a mule is produced. But the mule 
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its-the genes. It is probable that each human chromosome con- 
units f about 1,000 genes. Whether genes have actually been seen 
— ia been established. The cells of the salivary gland of fruit 
i possess enormous chromosomes with | 
and it may be that these beads are actually genes. It 1s commonly 
accepted now that in the genes the carrier of the petietic aie 
tion” that results in faithful reproduction is deoxyribosenuc ele 
acid, familiarly known to biochemists as DNA. Majority opinion is 
that each gene consists of a single large molecule of this ee 
Acceptance of DNA is based on experimental findings at this 
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point, but its role was already strongly suggested by earlier obser. 
vations. DNA is found where you would expect genetic materia] 
to be concentrated; for example, the head of a sperm is 40-50 per 
cent DNA. The nuclei of germ cells contain about half as much 
DNA as exists in the nuclei of other cells, which is logical enough 
since meiosis cuts the genetic mass in half. Furthermore, DNA is a 
permanent protein and resists the tearing-down which other pro. 
teins undergo in the cell. Finally, its molecular structure—a double 
helix like that shown in the accompanying drawing—could readily 
divide in mitosis by simple separation of the two helixes, each 
helix then regenerating its opposite member. This has, in fact, 
been advanced by Watson and Crick and by others as an explana- 
tion of the chromosome’s baffling power of self-duplication. 


PRINCIPLES OF HEREDITY 

We have seen the role played by chance in determining genetic 
makeup, first when meiosis distributes hereditary potential among 
the germ cells in every conceivable arrangement, and then when 
a particular sperm happens to fertilize a particular egg. The indi- 
vidual that results is a combination of innumerable traits, but cer- 
tain features are not a matter of chance. We know, for instance, 
that in no trait will the new individual surpass the potential given 
him by his parents, and we know that these traits were inherited 
according to the Laws of Heredity. 

For these we are mainly indebted to an Austrian, Gregor Jo- 
hann Mendel, Abbot of Briinn, who was conducting his experi- 
ments on green peas at about the same time that Charles Darwin 
was shocking the world with Origin of Species, about 100 years 
ago. No one paid much attention to the scholarly monk’s findings 
until his conclusions were arrived at by other biologists at the 
turn of the century, sixteen years after his death. His most basic 
concept, upon which his other arguments were based, he stated in 
this way: “Inheritance is particulate in nature.” Inherited charac- 
teristics that he studied in his peas existed as discrete units inde- 
pendent of other traits, he said; as evidence he gave the fact that in 
each trait the plants resembled exactly one parent or the other, no 
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plending, no mixing, no alteration of one trait because of associa. 
pon with another. 
Transmission of Unit Characters 

To begin with the inevitable definition: @ unit character is one 
which is controlled by a single pair of genes. It was in terms of 
these that Mendel expressed his laws. They are actually rare in 
human genetics, as we shall see, but they serve our first purpose, 
stating the principles simply. 


For our unit character we will use hair color in guinea pigs. Let us 
assume that a guinea-pig breeder has been raising black guinea pigs for 
many, many years and has nothing but purebred stock. The genes for 
hair color that these animals carry are so uniform that in meiosis every 
oflspring cell receives only a gene for blackness; the fertilization of any 
egg by any sperm in the colony is sure to give only black offspring. 

In a neighboring town lives another dealer of similar experience, 
except that his guinea-pig stock is purebred white. 

The two dealers meet and wonder what color the offspring would be 
if they mated a white and a black guinea pig. They conduct the experi- 
ment, using a black male guinea pig and a white female; the results are 
shown on the accompanying drawing. Each of the young carries a gene 
for white and a gene for black hair color, but each is as black as the 
guinea pig who fathered them. 


1. Mendel’s Law of Dominance.—The results of our first guinea 
pig breeding experiment would be explained by Mendel as fol- 
lows: Any unit character may be expressed as a pair of contrasting 
traits (black-white, in this case). In a strain of purebreds there are 
presumably genes for only one of the pair; here the parents were 
from all-black stock and all-white, respectively. When purebreds 
mate, all the offspring will look like one parent or the other in 
respect to that trait. Here black hair was the dominant character. 
Since all the offspring carried a gene for black hair, they are all 
black, not gray, or striped, or spotted. White hair color is the 
recessive character here; each of the offspring carries a gene for 
whiteness, too, but a recessive gene cannot express itself so long as 
there is a dominant one present. 
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There is no telling in advance which of a pair of characters is 
dominant and which recessive. Crossing purebreds gives a clearcut 
answer. We know that each purebred parent has only one kind of 
gene, a condition we call homozygous. The father here was homozy- 
gous dominant; the mother was homozygous recessive. The off- 
spring are hybrids. Possessing one gene of each sort, they are 
heterozygous. 

2. The Law of Segregation.—Mendel’s primary interest was try- 
ing to see if there were any set rules that would enable one to pre- 
dict the results of crossing hybrids. He theorized about this, and 
when backed up with data, it became a second law of heredity. It 
states that regardless of the outward appearance of hybrids, their 
germ plasm carries genes from both parents. During meiosis these 
genes will segregate, one only toeach gamete. Their offspring— 
second-generation hybrids—will show the dominant character in 
three cases out of four. 

Our second guinea pig experiment illustrates the results of mat- 
ing a brother and sister born of the first experiment. The chart 
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shows the ratio 3:1—three blacks to one white. It also shows that 
one will be homozygous dominant (the upper one in the chart); 
two will be hybrid (the middle two); and one will be homozygous 
recessive (the lower one). 

It must be emphasized again that the black hybrids are as black as 
their father and differ from him in no way, insofar as hair color is 
concerned. However, by means of a breeding experiment it is easy 
to distinguish between a homozygous dominant and a hybrid in- 
dividual. Suppose we mate a black pig whose heredity is unknown, 
to a white pig. If he is homozygous dominant, all the offspring 
will be black, if he is hybrid, half of the offspring will be white. 
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d) Homozygous recessive with homozygous recessive 
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3. The Law of Independent Assortment,—This Mendelian Jay, 
says that in respect to the dominance-recessiveness factor each paiy 
of unit characters is transmitted independently of all other pairs. 
Let’s sce what happens in a hybrid guinea pig cross if we have tw 
unit characters. 

For our second unit character let's choose eye color and say that 
we know dark eyes to be dominant, blue eyes to be recessive, We 
select a first-generation hybrid pair of littermates to be sure that 
each has a dominant gene and a recessive gene for each of the two 
traits. In other words our breeding stock must come from our first 
experiment’'s offspring. 

We select symbols to signify the various genes involved as fol- 
lows: 

A—dominant gene for hair color (black) 
a—recessive gene for hair color (white) 
B—dominant gene for eye color (dark) 
b—recessive gene for eye color (blue) 


During meiosis the chromosomes carrying these genes line up in 
all possible arrangements, and the genes go their separate ways, 
one for eye color and one for hair color to each sperm and each 
egg. This means that there would be four possible kinds of eggs: 


AB; ab; Ab; and aB. 


There would also be four kinds of sperm: 
AB; ab; Ab; and aB. 


Obviously, these could combine to produce sixteen possible zy- 
gotes. Obviously also, because of the Law of Dominance, the out- 
ward appearances of the hypothetical offspring will not number 
sixteen. Rather the genes will be distributed in a certain ratio of 
dominant and _ recessive characters, a distribution that may be 
visualized better with the aid of a table: 


nations of Two Unit Characters in a Hybrid Cross 


combi 
Possible Kinds of Eggs: 

AB ab Ab aB 
possible AR AABB AaBb AABb AaB _ 
hinds of ab AaBb aabb® Aabb** aabheere 

sperm Ab AABb  Aabb** AAbbe AaBb 
ab Aah aabbeee AaBb aaBReee 


os hite hair, blue eyes 
** Black hair, blue eyes 
e** White hair, dark eyes 

since the presence of a dominant gene automatically makes for 
its being part of the offspring’s appearance, nine of the sixteen 
jossible crosses will show both dominant characters—black hair 
and dark eyes. (These are unmarked in the table.) Three will 
show white hair because they have only recessive genes for hair 
color (*** in the table), and three will have blue eyes (**), 
“double recessive” as to eye color. Only one will have white hair 
and blue eyes (*), being double recessive for both traits. 

This ratio (9:3:3:1), it should be emphasized, represents only the 
statistical likelihood of what the offspring of a dihybrid cross would 
look like if there were sixteen and if every possibility came up. 

If three traits are under consideration, we would have 2°, or 8, 
kinds of eggs and sperm, which could combine in 64 ways. In re- 
gard to dominant and recessive characters, offspring appearance 
would follow the trihybrid ratio of 27:9:9:93:3:3:1. All this means 
is that an individual could look one of 8 possible ways, with 
greater chance of looking some ways than others. Note that here, 
oo, although the number of possible varieties is increased, only 
one individual of the 64 possible combinations will carry the 
double recessive genes for all three traits. This is all to the good, 
since most weaknesses, some kinds of feeblemindedness, and pro- 
pensity toward disease seem to be recessive traits.t 

*What I don't understand—if blue eyes and blond hair are other examples of 


homan recessive traits—is how there came to be so many dim-witted, blue-eyed 
dwondes? 
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“pT C-lasters”: a new unit character.—In the human, unit ef), 
acters are very rare, being limited largely to abnormal charactey). 
tics, such as certain forms of hereditary fecblemindedness. bay, 
ever, every so often a new one is discovered. The following recery, 
example opened the way for a number of valuable genetic. 
studies: 

An organic chemist, Dr. A. L. Fox, was preparing phenylthioca, 
bamide when a co-worker in the same laboratory commented upon the 
bitter taste of the dust that Dr. Fox's compound was releasing into the 
air. This surprised Dr. Fox, who had not noticed this phenomenon, He 
looked up PTC (as it has come to be called) in Beilstein’s Handbook of 
Organic Chemistry, the “bible” of his field, and found it described as 
tasteless. As a check, he asked other colleagues to taste PTC. It was an 
all-or-none proposition; some said that it was tasteless; but to most it 
tasted decidedly bitter. They conducted a little experiment among avail- 
able relatives of these lab workers, and it soon became obvious that a 
new unit character had been uncovered. Ability-to-taste-PTC is the 
dominant gene and inability to taste it is recessive. 

Subsequent use of the hereditary trait as a research tool has included 
analysis of geographical distribution of the “tasters” (American Indians 
seem to be about 100 per cent tasters, while in parts of Europe the figure 
falls to 50 per cent). The correlation between this distribution and the 
distribution of blood types has been studied. Potential relationships 
between tasting ability and diabetes and certain hormone conditions 
have been sought in an attempt to find a selective advantage to the 
trait. Chimpanzees have also been tested and found to vary in a propor- 
tion similar to the human, suggesting that the trait goes back farther 
than the divergence of the two species from their common ancestor. 


Transmission of Multiple Characters 

Most normal traits, such as hair color, eye color, stature, etc., are 
multiple characters; that is, they are controlled by several or many 
genes. It might seem unlikely, at first glance, that the principle of 
dominance-recessiveness could hold for multiple characters. If tall- 
ness were dominant and shortness recessive, then 75 per cent of 
the world’s population might end up six feet tall, 25 per cent five 
feet tall, and nobody in between. Actually the height of a thou 
sand people of the same age and sex gives a normal distribution 
curve—a few very short, a few very tall, and a large number of 
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HEIGHT OF OFFSPRING 


WITH AVERAGE-SIZED PARENTS 


average height. Just how many genes are involved in determining 
stature is not known. Nor can it be known, in any given case, just 
how much influence the environment has had in determining the 
final height of the measured individual. However, merely as an 
example to show how genes might work, let us consider height as 
being made up of four factors: height from foot to knee, from 
knee to hip, from hip to shoulders, and from shoulders to top of 
head. Let us assume that each of these components is governed by 
one pair of genes (each component is a unit character) but that for 
two of the components, dominance is for tallness, and for the other 
two components, dominance is for shortness. Then a hybrid cross 
of two average-sized individuals results in 256 possible component- 
combinations. The possible height of the offspring is represented 
on the accompanying graph. There is approximately a 50-50 
chance that dominant and recessive—tall and short characters— 
will assort to produce an average-sized offspring. There are per- 
haps nine chances out of 256 that the new individual will turn out 
to be very tall, and nine chances that he will be very short. 
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sider the properdons 
in this way. We would all look like reflections ina funhouse qjy. 
ror, and the wholesale cloching business would collapse.) 


By breaking down any multiple characteristic into a number of 
components, with one pair of genes governing each component, 
and with proper assumpcions as to dominance and recessiveness of 
genes, it is possible to explain the inheritance of such characteris. 
tics without violating Mendel’s law, Mendel, after all, never said 
that the characteristic showed dominance or recessiveness, but that 
the genes which determine the characteristic do. 


the 


Sex-linked Characters 

Before discussing this third type of character, we will describe, 
with the help of another diagram, how sex is determined. The hu- 
man has 48 chromosomes, of which 46 are called somatic chromo- 
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ser diagram —— eat the number of male and female 
must be the same. This is probably nor the case. For one 
bir ul over the world is uniformly 
mer: 105 males to 100 females. The ratio of aborted male 
tues as thought to ' higher still. The present explanation for 
higher Tate 21 which males are conceived is that the X chromo- 
come is quite lange, while the Y chromosome is no more than a 
eal! dot. This means that a sperm carrying the Y chromosome, 
ai consequently determining for maleness. would be lighter, 
more agile. and have a better chance of winning in the race to 
‘ertilize the egg. 

Although the male birth rate is higher, the infant mortality 
zmong male children is also greater, which tends to equalize the 
sex ratio.* 

Among all mammals it is the male who determines the sex of 
the odspring. either by means of X and Y chromosomes or by hav- 
‘ng an uneven number of chromosomes. Among birds the female 
either has an uneven number, or X and Y chromosomes, and con- 
sequently determines the sex of the offspring. 

A number of characteristics are said to be sex-linked, that is, the 
sene which determines for them is carried on the sex chromosome. 
Certain types of baldness, for instance, are hereditary. Everyone 
has known of cases where the grandfather lost his hair at an early 
age. followed by the father, and now the son, as he approaches - 
xssumes the likeness of a billiard ball. In these cases, the determin- 
ing gene is on the Y chromosome, which is transmitted from father 
0 son. 
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Hemophilia.—An interesting type of sex-linked transmission js 
the case of hemophilia, the “bleeder disease” as it is called. Here, 
for reasons that will be discussed when we reach the subject of the 
blood, clotting fails to occur, and a man suffering from this disease 
may bleed to death following, say, a tooth extraction or an injury 
which would be minor in anyone else. This disease afflicted many 
branches of the royal families of Europe—the Hapsburgs, the 
Hohenzollerns, and especially the Asturias in Spain. In some re- 
spects this is fortunate since these families have always kept care- 
ful genealogies, which made it possible to trace the mode of trans- 
mission. 

Hemophilia occurs only in males, but it is transmitted through 
the mother to her sons. (Certain other hemorrhagic diseases occur 
in females that are sometimes confused with true hemophilia.) 
The mode of transmission is traced on the top half of the accom- 
panying chart. In the diagram, N stands for “normal blood coagu- 
lation”; h stands for hemophilia, which is recessive in the female. 

How can the gene for hemophilia, carried on the X chromo- 
some and recessive in the female, cause hemophilia in the male? 
This points out an interesting aspect of the Law of Dominance, 
that recessive traits are expressed in the absence of dominant 
traits, not merely as double recessives. The Y chromosome and the 
X chromosome are not homologous, that is, the Y chromosome 
does not carry genes corresponding to those in its opposite num- 
ber, X. It therefore does not carry a gene for normal blood coagu- 
lation. In such cases as these, the recessive gene, not being “domi- 
nated” by another gene, is able to work alone and produce the 
defect. 

However, a moment's study of the chart will show that it ¢s pos- 
sible for the double recessive to occur in the female and therefore, 
theoretically, she should be liable to hemophilia. Should a male 
with hemophilia mate with a woman who is a transmitter, half the 
females would receive the double recessive. What happens 1s 
shown in the lower half of the hemophilia diagram. The top 
woman (X" X") is an example of “lethal recessiveness.” There are 
certain gene combinations, of which this is one, which are incon 
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lav we come across a little colony of fuy, 
animals. plaving in the sun, quite isolated from others of their king 
We note certain characteristics, such as hair color; some are black ang 
others white, with no gradations in-between. We immediately say, Colo; 
in these animals is a unit character. We might observe that 75 per cent 
hich case we would say, Black js 


are black and 25 per cent white, in W 
dominant and white recessive, and the Mendelian ratio of 3:] has been 


achieved. But it might be that, say, 95 per cent are black and only 5 per 
cent white. We would then wonder about two things: (1) whether 


“white” is a new trait, so that insufficient time has elapsed for the 
Mendelian ratio to have been reached; or (2) if something about white. 
ness interferes with survival? (It might be that at night the white animal 
more easily falls prey to a predator.) Or the problem may be reproduc. 
tive. (It might be that among these creatures gentlemen do not prefer 
blondes.) 

Another characteristic—the tail length, for instance—might vary, some 
having little stubby tails and others great long tails but with every 
gradation in-between and with most having tails of average length. We 
would then know that tail length was a multiple character. 

And finally, we might find that the males have become bald early in 
life while the females have retained their hair, and we would say, This 


is a sex-linked character. 


Let us nov 
heritance: unit characters, 1 


Let us imagine that one ¢ 


HOW DO NEW TRAITS ARISE? 


If everyone's blood normally clots, then where did the gene that 
determines for hemophilia come from? If all guinea pigs are 
black, from whence came the first white one? Much more impor 
tantly, if the ameba’s genes determine for him to be an ameba, 
-_ how could bigger and better animals than ameba ever have 

eveloped? What we are obviously asking is, How do new spec! 
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instances imagine abieian colony of dark brown rabbits living in a 
meaddw with an ice age approaching. Those rabbits who are a 
jutle whiter, whose teeth are stronger so that they can nibble bark 
jqstead of grass, and whose feet are larger and flatter so that they 
qn run on the snow, these rabbits will more likely survive and 
multiply. 

Thus, perhaps, the snowshoe rabbit came into being. The 
jrouble with this theory is that there is no place in it for change. 
There is gradual coming into predominance of traits by the slow 
processes of selection and breeding but no accounting for the 
appearance of new features, of deviations from anything in the 
ancestry. You might say that Darwin’s thinking did not account 
for the “origin of species.”” In nature, to go on with our rabbit 
example, there is evidence every so often of something like a 
snow-white rabbit litter making its appearance in a species of dark 
rabbits; and into a long line of ordinary rabbits might be born a 
batch of babies with big flat feet. 


yanume 

( 

pf the © 
This! 


velopment 


ly. Suffice 


Mutation Theory 

More widely accepted today is the theory of discontinuous evo- 
lution, suggested by De Vries. According to this theory, the gene is 
not immutable; there are forces in nature that can disrupt, or 
even destroy a gene. Such an altered gene will obviously give rise 
to an altered trait, and since the altered gene 1s passed down from 
one generation to the next, the altered trait 1s, too. This altered, 


ies’ is called 
inherited trait is called a mutation, and De Vriess theory is ¢ 
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all, a gene is a large protein molecule, with side chains sticking 
out in all directions, and this destructive force may have lopped 
off a side chain here or there. Since its structure is altered, the 
trait for which it determines is altered as well, and so the first 
hemophiliac came into the world. He, or rather, she, transmitted 
hemophilia to her offspring in the manner that has been de. 
scribed. 

It is assumed that mutations have been happening in nature 
through the ages; there has been plenty of time for it. In the case of 
our rabbits, the ice age did not come overnight. It took thousands 
of years. During that time, many mutations appeared. Some rab- 
bits, whiter than others, were born—not white by chance, but 
whiter because they were mutants, and consequently their babies 
were white, too. If the environment were such as to make white- 
ness desirable, they would survive. 


Cosmic Rays 

Prominent among the forces in nature credited with being able 
to disrupt a gene are the cosmic rays. These are rays of high ener- 
gy, originating in outer space, and all living things are being con- 
stantly bombarded by them. As evidence that they are capable of 
producing mutations, the following experiment is quoted. The 
late Dr. Jollos of the University of Wisconsin took a colony of 
fruit flies to the top of Mt. Evans (alt., 14,250 ft.). He had studied 
this colony for many years, first in Austria and then at the Univer- 
sity of Wisconsin, and knew their mutation rate very exactly. The 
intensity of cosmic rays is greater at high altitudes, since they must 
pass through less atmosphere, and the mutation rate was increased 
threefold. Certain chemicals are known to have a similar effect 
and, of course, now we have to worry about the effects of various 
types of irradiation from radioactive fallout and from the ex- 
plosion of nuclear weapons. 

The question is frequently asked, Why, if mutations are com- 
mon, if we are constantly being bombarded by cosmic rays, do we 
not see more of them? The answer is that as they occur in nature 
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ynutations are usually lethal or at least disadvantageous, and the 
individual possessing one is less likely to survive, unless the 
environment changes, too. Consider the colony of happy little 
animals we encountered once before. They are thriving, because 
they are in harmony with their environment. Any great departure 
from their present state would likely be disadvantageous; thus, if 
they are black and doing all right being black, then a white 
mutant would be disharmonious, and it would probably be car- 
ried off by a hawk before it could ever breed and establish the 
mutation. The polled Hereford is a mutant discovered by a cattle- 
man in Abilene, Kansas. When he saw a bull calf in the corral 
who had no horns, he remembered having been pinned to the 
barn door often by bulls who did have horns, and he cherished 
the little fellow. The absence of horns was a mutation, and from 
that animal the strain of polled Herefords was developed. But in 
a state of nature, the hornless bull would probably never have sur- 
vived. Obviously the same is true of the seedless grape and the 
silver-blue mink. In the human case, one has the long period of 
time between generations to consider. 


As an exercise, diagram the following problem: 


Suppose a gamma ray from the bomb at Hiroshima had pene- 
trated the testis of a Japanese and collided with the gene which 
inhibits the growth of a long, green, scaly tail; knocking off the 
inhibitory part, it left the gene free, as a recessive, to produce 
this mutant excrescence. Considering all the sperm which are 
wasted, it is highly unlikely that this particular sperm will ever 
have the opportunity of fertilizing an egg. But supposing it 
does, and a child possessing the gene is born. Since we are 
assuming that this is a recessive gene—and the genes producing 
Most mutations are recessive—the child, will, of course, not 
have a tail. Twenty years or so elapse before this child is grown 
and has children of his own. In the most favorable of circum- 
stances (for the gene), he would transmit it to a son and to a 
daughter. Since the Japanese do not practice incest, twenty 
years or so must elapse before these children have children 
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of their own. These children would be first cousins and could 
conceivably marry, and their children, after another twenty 
years or so, might have tails. But we have been favoring, in 
every way, the union of two of these recessive genes, and it 
could well be that the new trait would not make its appear- 
ance for a thousand years. If ever. 


The Physiology of Genes 

How do genes act? That is, how do they produce the results 
which we have ascribed to them? In the first place, it must be 
recognized what a tremendous chemical laboratory the cell is, and 
how little we know of the chemical processes taking place within. 
Beadle and his associates at the California Institute of Technology 
have proved clearly that at least some genes act by altering these 
chemical processes. Using ordinary bread mold (Neurospora) as 
their working material, they found that it lives and thrives in a 
medium containing only a few very simple organic compounds, 
from which it can synthesize more complex ones, including amino 
acids. However, following X-ray irradiation, the ability to syn- 
thesize one or another of the amino acids is lost, and this amino 
acid must be added to the medium for the Neurospora to be able 
to grow and multiply. Furthermore, none of the descendants of 
that irradiated spore will ever be able to synthesize that particular 
amino acid again. 

Exactly what happened? For the Neurospora to synthesize that 
amino acid had signified the presence of an enzyme, one of those 
catalytic agents described in the last chapter that make the occur- 
rence of many chemical reactions possible. Altering or destroying 
a certain gene by X-rays had wiped out the special enzyme that 
took part in the synthesis of the amino acid. About forty such 
genes on seven different chromosomes have now been studied and 
found to influence the chemical activities of the cell. 

Concerning such questions as hair or eye color in the human, or 
what causes various forms of feeblemindedness, we are still very 
much in the dark. The human is, after all, a much more complex 
organism than bread mold. But if hereditary conditions in the 
human do result from differences in chemical reactions—from the 
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In the preceding pages dealing with genetics, it was always the 
sem cells which were discussed. Mutations, for instance, were de- 
«ribed as resulting from altered genes in sperm or eggs, trans- 
autted to succeeding generations. But in the body itself, one cell 
aves tise to many cells of its Kind; one liver cell divides to give 
ovo, ete: there are thus many generations of cells succeeding each 
s:her in a given organ. Now supposing one of these cells ‘“mu- 
cated.” that Is, supposing a cosmic ray should strike a gene in one 

: these cells, producing some defect or other in the particular 
sit for which this gene determined. It is clear that the defect 
would be passed on to succeeding generations of cells. Such a 
~utation could be called a “‘somatic” mutation in contrast to a 
serm-cell mutation. Now, although we know very little about the 
‘ws which control anabolism and catabolism, we do know that 
thev are governed by enzyme systems, and, as was shown above, 
enzyme systems are controlled by genes. Assume then the existence 
of a certain catabolism-producing enzyme system, caused by the 
existence of a certain gene, and assume that that particular gene 
was knocked out by a cosmic ray. The balance of metabolism 
would be shifted in favor of anabolism in that cell, giving it and 
its successors a tremendous advantage for growth and reproduc- 
ton. They would be anabolically more active and have the urge 
‘” grow and multiply; they might, in fact, become cancer cells. 
This isa theory, but not an unreasonable one. As everyone knows, 
the death rate from cancer is a function of age, and with the pas- 
“ge of the years, the chance of such a mutation and the chance for 
the development of generations of cells would be increased. s 
“ould be pointed out, however, what a “cheerless” theory 1 !s- 
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Phe control of all environmental factors which conceivably could 
cause such a somatic mutation would be almost hopeless. Cosmic 
rays, for instance, are inescapable. In short, this theory makes can. 
cer as inevitable a process as evolution itself. 


STUDYING HUMAN HEREDITY 

When it comes to the question of human heredity, we know 
very little. A few conditions, such as albinism (the absence of pig- 
ment from the hair and eyes), polydactylism (extra fingers or toes), 
hemophilia, and a few other unit characters are well understood, 
If wwo albinos marry, for instance, all the children will be albinos; 
since albinism is a recessive unit character and since both parents 
are albinos, all they can transmit are recessive genes. But in the 
great number of cases, characters are multiple and very complex. 
Is cancer hereditary? Is diabetes hereditary? Is there possibly even 
a hereditary factor in tuberculosis? All we can say is that there may 
be a hereditary predisposing factor. In the case of cancer this 
means that a type of chronic irritation will produce cancer in such 
a person, whereas in one who has not inherited such a factor it 
will not. Cancer undoubtedly can be hereditary in mice. Dr. 
Maude Slye, at the University of Chicago, developed strains of 
mice in which all animals not only developed cancer but cancer 
of a particular type, such as cancer of the liver; other strains were 
completely cancer-free. But in the human the situation is evident- 
ly much more complex, and we have no knowledge as to the 
nature of predisposing factors. 

Another feature of the human that makes him a poor subject 
for studies of heredity is that successive generations are separated 
by 25 to 30 years; fruit flies provide the geneticist with a new gen- 
eration every two weeks. 

There is, further, the inability to carry out controlled experi- 
mentation. In the case of the suspected-hybrid black guinea pig, 
it is easy to mate him with a white female. Human breeding ex- 
periments are taboo. On the other hand, the human is sometimes 
inclined to be careless in his own breeding adventures, and things 
can get pretty mixed up. People share a common desire to conceal 
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undesirable traits, and there is often failure to recognize the impor- 
yance of traits that appear in collateral lines. 

Except in rare instances, such as royal families, humans do not 
keep genealogy records. Sweden has begun a method of registering 
and recording births that will surely yield interesting genetic 
data in a few hundred years. Meanwhile, it is easy to see why the 
human is so poor a subject for studies of heredity. 


The Nature of Intelligence 

No subject of research is more important, more challenging, 
nor more frustrating than trying to define human intelligence and 
determine its origin. Everyone has his own ideas about intelli- 
gence—in somewhat the same way that Everyman becomes a polit- 
ical authority during an election year. There seems to be almost 
universal agreement that intelligence is composed of many fac- 
tors, perhaps that there may be several kinds of mental ability, but 
there is sharp disagreement as to whether “intelligence” is entirely 
innate or whether it may be modified by training. 

It seems only appropriate in a chapter on heredity to point out 
that you cannot squeeze blood from a turnip. Obviously the indi- 
vidual is shaped by his home, his schooling, and the extent to 
which his world encourages or blights his innate talents; neverthe- 
less, his development cannot exceed the limitations of what he has 
to work with, 

What do the tests measure?—One foolproof definition of the 
present topic is this: “Intelligence is that which is measured by 
intelligence tests.” 

To most people the terms “intelligence” and “1.Q.” are syno- 
nyms. Actually the intelligence quotient results from a determina- 
tion of the subject’s mental age, using the 1916 Stanford Revision 
of the Binet test. It is arrived at by the formula: 


MA (mental age) ne 
ca (chronological age) alate 


Probably the most widely used of tests, the Stanford-Binet 
lieasures general intelligence with an emphasis 01 verbal capacities. 
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Its validity as a measurement of inherited capacity is borne out by 
overwhelming evidence of its constancy. 

Can 1.Q. be raised?—As our last sentence indicates, added op. 
portunity does not alter what the test measures. The only excep. 
tion occurs when very young children are moved to a better 
environment. Before-and-after tests made before the age of six 
characteristically show a gain in I.Q. of from 5 to 15 points. But 
by 10 years of age, 1.Q. is seldom raised more than a point. The 
reader should remember that most sections of a verbal test do not 
apply to the preschooler whose knowledge of the three R’s is inade- 
quate for handling word- and number-concepts. Therefore, the 
rise in I.Q. at the younger ages can probably be attributed to in- 
creased motivation to perform such tasks as nonverbal puzzles, 
block-building, and the like. 

We do know a number of things about the nature of intelli- 
gence, without being able, as yet, to explain just what they mean: 


People with superior general intelligence are also healthier and hand- 
somer, as a rule, and enjoy more satisfactory social relations than 
average people. 

There is no doubt that sex differences in intellectual capacity exist. 
Boys excel girls in all studies of mechanical problems involving space 
and verbal comprehension; girls have larger vocabularies (verbal flu- 
ency) and better memories. At the junior high school level, girls usually 
surpass boys in reasoning problems, but college tests find the boys 
superior in solving problems in logic. No clearcut differences in handling 
number concepts are found consistently. 

Surprisingly little correlation seems to exist between general intelli- 
gence and a number of other abilities: athletic ability, which seems to 
be an all-around ability; musical ability, which seems to consist of a 
number of items, only some of which tend to appear together depend- 
ably; mechanical ability; and artistic ability. Floyd Ruch, in the 5th 
edition of his popular textbook, Psychology and Life, points out that 
for none of these abilities have there been definitive studies such as were 
done in the case of “general intelligence” on the relative roles of heredity 
and environment. 


The study of identical twins.—Heredity is certain to be “con- 
trolled” when two individuals come from the same egg fertilized 
by the same sperm. Identical twins are, therefore, much in de- 
mand for studies of the effects of environment, to which is at 
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tributed all differences they display. In the many cases of identical 
twins separated at birth by family circumstances and presenting 
themselves for study as adults, the differences between 1.Q.’s of a 
given pair was found to average about 8 points, little more than 
the same individual might show in one direction or the other 
upon retesting after a period of years. Other amazing resemblances 
remained, regardless of the different lives they had known, like- 
nesses not only in appearance, but in mental traits and even in 
such things as their allergies and their medical histories. On bat- 
teries of test items, identical twins show uncanny sameness in 
items involving verbal and reasoning ability (showing that these 
are largely heredity-determined), whereas on problems requiring 
speedy solution, twins showed no similarity to each other. In 
still other items, twins performed more alike than strangers, but 
no more alike than ordinary siblings, notably, in number-handling 
ability and in space visualization problems. 


The Importance of Collateral Lines 


Studying human heredity goes beyond the immediate parents, 
of course, reaching into the past of each family and including all 
side branches, even those residing as skeletons in the closet. A 
story will illustrate: 


John and Mary, happily married, are the parents of three beautiful, 
rosy-cheeked, very intelligent children, when the four child drops in 
their midst like a bomb. He is a complete blithering idiot. This some- 
times happens, but how can it, they say? John points out that his family 
is “clean.” His father is president of the First National Bank, a deacon 
in the church, and shoots golf in the low 80's. His mother is a highly in- 
telligent woman president of the P.T.A., secretary of the local chapter 
of the Daughters of the American Revolution, and all that. Mary’s 
folks are equally illustrious. So how, then, can it happen that two per- 
fectly normal people of such good ancestry bring into the world a poor 
idiot like this? 

Mary wants to get to the bottom of it all and hires a detective to go 
back to the ancestral home of John’s family, where they lived until 
recent years. The detective sounds out the town gossip, who regards 
herself as town historian. She remembers the family way back; John’s 
father was a schoolmate of hers. Yes, she remembers that John’s father 
had a sister, a beautiful, smart girl, but it seems to her that they had a 
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brother, too. Never saw him; nobody did; the family explained thay 
Little Elmer was sickly and confined to the house. Then their mother 
took a trip East with Elmer and came back without him. And that wag 
the last anyone heard of him. 

Elmer, of course, is the skeleton in the closet. His mother put him jn 
a school for the simple-minded and his name was never mentioned again, 
Now John, our John, inherited nothing directly from his Uncle Elmer, 
but the fact that Uncle Elmer existed means that there is a very great 
likelihood that a recessive gene for feeblemindedness is present in John. 


It goes like this, using N as the “gene for normal intelligence” 
(dominant); 7 as the recessive gene for this form of feebleminded. 


ness: 
1 
Uncle Elmer John’s father —_,—— John’s mother 
(nn) (Nn) (NN) 
(Or Nn) 
(Or NN) 
John Mary 
(Nn) (Nn) 


Since Uncle Elmer was a double recessive (nn), there is a 2:1 chance 
that John’s father is heterozygous (Nn) for this form of hereditary 
feeblemindedness. If he were NN, John and Mary would not have suf- 
fered this embarrassment. John had a 50-50 chance of being born NN, 
homozygous for normal intelligence, but obviously he turned out to 


be Nn. 


Mary’s shock about Uncle Elmer was nothing compared to the 
shock she gets when she and John consult the chapter on heredity 
in their college textbook of zoology. Not only husband John but 
she herself must carry the recessive », or else their fourth child 
would not display the double recessive trait. They had been lucky 
the first three times around, but statistics were against them this 
time, 
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yt Cundesirables.” These include early recognition; special 


hols for their educ ation and training for a useful life; segrega 
jon to prevent their mating; and, since they frequently do not 
1 segregated, compulsory sterilization, A number of states 


than end our heredity chapter on an unhappy note, 
iwlude a few words about projected plans for the control 


pomal 
have laws under which—with appropriate safeguards to. protect 
the rights of the individual—this operation may be performed 
legally. The technique of sterilization will be described later; 
however, it must be emphasized here that it is not at all the same 
as castration. There is no interference with the sex life of the indi- 
vidual. All that is done is to prevent him from begetting, or her 
from conceiving, children, However, it must be admitted that this 
program, since it deals only with the proved case, would require 
many, many years to reduce the incidence of defective children 
significantly. It would not, for instance, have prevented the case 
just described. 

There is in the eugenist movement a lunatic fringe whose thesis 
is that, since man has been able to improve greatly the quality of 
his livestock by selective breeding, an application of the same 
principles to the human would be equally effective. It is true that 
man has transformed the old Texas longhorn, good only for bones 
and buttons, into the sleek, meaty Angus and Hereford which 
today provide steaks for those who can afford them. But this has 
been done by extensive inbreeding in which many a bull showing 
desirable characteristics has been mated to his own daughter; 
brother-sister crosses are also common. In short, applied to the hu- 
man species, the practice would be called incest, than which there 
is nothing more repulsive to human morality. 

But for the sake of the argument, let us consider the present 
situation and how “improvement through selective breeding” 
might alter it. There is no agreement as to how large a group the 
“undesirables” represent; some say that 3 per cent of the popula- 
tion are nn’s in some trait antagonistic to human progress. How- 
ever, they are recognizable, since they carry the trait, and they can 
be dealt with. The real culprits are the Nn’s. It is impossible to 
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know how many of these exist, but we can safely say at lease 6 per 
cent, since it takes two N's to produce one nn, except tor the roy 
mating of known defectives. Obviously the recessive genes Carried 
by Nn's remain largely hidden under the present system, but they 
would soon come to light as family traits if inbreeding were the 


order of the day. It goes like this: 


If 3° of population are nn; 
then 6°. of population are Nn; 
leaving 91°. who are NN. 

With outbreeding, the chances are 91 to 6 that a person who is Nn 
will marry one who is NN. Their oflspring will be as follows, with none 
showing the recessive trait: 

He She 
(Nn) (NN) 


NN NN Nn Nn 
With inbreeding, chances are 50-50 that the Nn’s sibling-mate will 
also be Nn. The recessive trait will thus appear in one out of four of 
their offspring: 


He She 
(Nn) (Nn) 


NN Nn Nn nn 


The answer is clear: to keep a trait repressed, practice outbreed- 
ing; to expose a trait that is expressed only in a double recessive, 
practice inbreeding. But this “answer" of the eugenists in reality 
only brings up other more difficult questions, such as: 


|, Having exposed certain families as carriers of undesirable traits, 
what do we do with them? 

2. Feeblemindedness is admittedly “bad,” and genius, also suspected 
of being a recessive trait, is supposedly “good,” but who decides on the 
values of the vast majority of human characteristics, including fair 
skin, kinky hair, slant eyes, ete., many of which seem controversial at 
present? 

5. Vigor and fertility are governed by dominant genes, and animal 
husbandry men tell us that their highly inbred stock must be returned 
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to outbreeding from time to time to restore these traits. Who decides 
when and how people should break their family ties? 

4, Most recessive traits arise by mutation. Even if we did succeed in 
eliminating a form of mental deficiency, might it not reappear in the 
natural course of things? 

5, But the greatest question still remains, unanswerable and obvious. 
Assuming that inbreeding could improve human nature, how do you 
get human nature to accept the idea of inbreeding? 


At present the man in the street seems inclined to leave well 
enough alone and look to the research laboratories for future 
miracles.* 


* Or as I sometimes think of it: 


The genes make Willy 
Willy-nilly 
And yet, 
The force behind it all seems silly, 
To go to so much trouble, 
Especially 
When you consider 
Willy. 


CHAPTER 6 ANATOMy 


THE FRAMEWORK OF Lipp 


The cell has already been defined as the basic unit of bodily struc. 
ture and function. A typical cell has been described as to (1) 
mechanical aspects of its functioning; (2) special properties of 
life-functions; and (3) the immortality of protoplasm. In this chap: 
ter we will consider the different kinds of cells that make up the 
tissues that form the organs and organ systems of the body. 
There are many kinds of cells, but all may be classified as be- 
longing to one or another of four fundamental types of tissue: 


epithelial, connective, muscle, and nerve. 


TISSUES 
The word “tissue” is one of the most widely used in biology, so 
that it has come to mean little more than “part of the body.” In 
the strict sense of the word, tissue implies what its French deriva: 
tive means—“‘a fabric.” The study of tissues is histology, which 
comes from the Greek histos, meaning “web” or “net.” In the 
present sense, that is, when talking about one of the four basic 
USSUE-Lypes, we mean a large group, sheet, or mass of cells, all hav- 
ing the same function. 
gA 


The Framework of Lile 9 
4 


asve 
pte forms this type of Cisse | 

nv jou , ype sue ty found covering all bod 

th poth outside ancl tisides skin, stomach, heart, blood my 

ayy shot anywhere a surface exists. From this, one niats 
“yeas Uhl ity FUNCHON Was largely protective, and this is the . 
, ot atectively by virtue of the fact that the cells are nner 
racked pogether, with Little imterc ellular substance between ae 
to in many Cases the cells aire united with each other by means of 
gpa OP LAsHAte bridges.” It is also the tissue from whieh all glands 
eelop. There are at least a dozen types of epithelial tissue, ee 
eo will describe only five; they are shown on the nearby drawing 

simple squamous. This type lines the internal body cavitien 
the thorax and abdomen, It also lines the entire siveyle: 
The word “squamous” means thin, and “simple” sig- 
lium consists of only one layer. The cells are 
ction the nucleus forms a distinet bulge in 


wl 


namely, 
tory syste, 
nifies that the epithe 
wy thin that in Cross-se 
the center. 
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h as the salivary glands, 
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—This type lines the entire digestive system 
from the stomach to the anus. It is in this type of epithelium that 
we first note the propensity of epithelium to become glandular. 
scattered among the ordinary epithelial cells, and especially nu- 
merous in the large intestine, are individual glandular cells called 
“goblet cells.” These secrete mucus, useful for the lubrication of 


the digestive tract. 
| Stratified squamous.—This type 
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Connective Tissue . | | 
ne aa . ‘ ‘ ' ave . «0 — 
There are several kinds of tissue that have a connective oy vn 


portive function in the body: fibrous connective Lissue, With the 
fibers either regularly or irregularly arranged; elastic CONNEC tie 
tissue; adipose or fatty Uissue; cartilage; and bone. Sometimes the 
blood is included as a connective tissue, but since we will haye w 
much to say about it later, we will omit it here, Typical of al} Con. 
nective tissue is the fact that the cells, in contrast to the epithe. 
lium, are widely separated from each other, with a large amoun 
of intercellular substance between them, 

Tendons, joining muscles to bones, and ligaments, binding 
bones together, are composed of connective tissue, with the fibers 
running parallel (“regularly arranged” connective tissue). This 
gives the needed strength to such a structure. In between the fibers 
are layers of fibroblasts. Elastic connective tissue is found mainly in 
the walls of arteries; it forms perforated plates which are curled 
up in the arterial wall, stretching with each pulse beat. 

Fibrous connective tissue.—In the case of this irregularly ar 
ranged tissue, the intercellular substance consists of fibers of the 
protein collagen; the interstices between the fibers are filled with 
tissue fluid. The whole mass is a soft, spongy, cushiony material. It 
is widely distributed in the body, where it forms packing, as it 
beens between the tissues. It is found, for instance, under the ep! 
thelium of the skin as subcutaneous tissue. It also underlies the 

glands extend; in fact, a section from any pat 


the b i ike . active 
i“: 1S likely to contain at least small amounts of connect!’ 


The cells which elaborate the fibers are called fibroblasts. They 
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have been somewhat neglected by cytologists, but more and more 
functions are being ascribed to them, for instance, the formation 
of antibodies, which will be described later. When an injury is in. 
curred, the fibroblasts are stimulated to secrete more fibers, tend. 
ing to knit the wound together; the scar tissue which remains is 
composed of dense masses of such fibers. There is reason to think 
that lymphocytes—a type of blood cell—may, under appropriate 
conditions, be converted into fibroblasts. 

Adipose connective tissue —Another function of the fibroblasts 
is to store fat; thus ordinary fibrous connective tissue may become 
adipose tissue. When this happens the fibroblasts are scarcely 
recognized, They store up to 90 per cent of their weight in fat. As 
the cells become plump and round, the cytoplasm is nothing more 
than a thin layer beneath the cell membrane; even the nucleus is 
flattened out. If the person works a little harder and eats a little 
less, the fat is burned and the adipose tissue reverts to connective 
tissue. There are certain regions where fat is most likely to be de- 
posited; in the male the favorite site is over the abdomen, in the 
female, over the gluteal region, which is what you sit on. 

Cartilage.—In certain regions of the embryo, the fibroblasts of 
ordinary connective tissue change their secretory product and in- 
stead of secreting collagen now secrete a different form of protein 
called chondroin. Chondroin is dense and elastic and is the basic 
substance of which cartilage is composed. Much of the cartilage 
formed in the embryo is later converted into bone, all the long 
bones of the arms and legs, for instance. Some cartilage, however, 
persists in the adult body, the ears, the nose, and the sockets of the 
bones, among other structures. Cartilage received no direct blood 
supply but must depend for food and oxygen on what seeps in 
from the surrounding tissue. This is the reason why injuries to 
cartilage, such as knee injuries in football, heal so poorly. 


The conversion of cartilage into bone.—This process is illustrated in 
our series of sketches on “how bone is formed.” View J shows a “bone” of 
solid cartilage such as might exist in a very early human embryo. It is 
enclosed by a connective-tissue layer, the perichondrium. When the em- 
bryo is about two months old, calcium salts begin migrating from the 
blood capillaries of the perichondrium into the mass of cartilage, con- 


The Framework of Life 101 


verting It into calcified cartilage (2). This material is hard but brittl 
and itis not true bone. 

Sketch 3 shows ossification getting underway. Some of the cartilage 
cells have broken loose so that channels are formed lengthwise in the 
shaft. Blood vessels invade the shaft around its middle, eroding their 
way inward to channels, which they then ascend and descend, carryin 
with them connective tissues in the form of the ubiquitous fibroblasts. 
These change form at this point, some becoming osteoblasts, others osteo- 
clasts. The osteoblasts are the true bone-formers; they move through the 
calcified cartilage and lay down hard firm bone in concentric layers 
called lamella; a system consisting of several such layers—a haversian 
system—may be seen on our earlier plate of “connective tissues.” This is 
the structural unit of true bone. 

The function of the osteoclasts is to destroy and resorb bone. They 
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move in behind the osteoblasts and tear down the whole structure, 
whereupon the “bone-formers” rebuild with new bone, and then the 
same cycle is repeated. This process of renewal continues throughou, 
life, slowing down with age. 

By our fourth sketch the diaphyseal region (the main part of the bone) 
has turned to bone. Its covering has changed to a sturdy periosteum; the 
central cartilage has been replaced by marrow and blood vessels. Notice 
now that the cartilaginous ends of the bone are being invaded by blood 
vessels; in other words, centers of ossification are being set up here, too, so 
that between the diaphyseal region and either end of the bone there is 
a band of cartilage. These are the epiphyseal plates, from which cartilage 
continues to grow, upward and downward, to be rapidly replaced by 
bone. The long bones of the arms and legs might look like this (#) during 
childhood. 

By the late teens, the long bones will look like 5. At the right-hand end 
of the bone, the diaphysis and epiphysis are already fused with solid 
bone. The other end shows an earlier state of maturity with the epi- 
physeal plate still at work.* In the center of the shaft is the permanent 
bone-marrow cavity, filled now with red bone marrow, in which red blood 
cells are produced. Later on this cavity will be filled with fat, the yellow 
marrow. This will be considered again under blood-cell formation. 


The process just described extends from early intrauterine life 
to well past the legal criteria of adulthood. For example, the fus- 
ing of epiphysis and diaphysis at the distal (wrist) end of the 
bones of the forearm is not complete until the age of 26 in the 
female human, and about 31 in the human male. Standards have 
been worked out for boys and girls at each age from 8 to 18 years, 
for the closing of the epiphyses at 29 points among the bones of 
the hand and wrist. “Skeletal ages,” read from X-rays of the pa- 
tient’s hand and compared with the standard photos, have turned 
out to be much more reliable indicators of age than birthdays. 
Furthermore, they are used to predict the growth spurt of ado- 
lescence, early- or late-maturing trends, onset of menses, and to 
detect growth aberrations. 


* That bones grow in length from their ends, rather than the whole shaft growing, 
was first demonstrated by the great English preacher-turned-physiologist, Stephen 
Hales, in the 1700’s. He placed little nicks a measured distance apart on the leg bones 
of baby chicks and, when the birds had grown, found that the nicks were the same 
distance apart as when he had put them in, showing that the bone had increased in 
length, not between the nicks, but at the ends. 


HEALTHY BONE FORMATION 


»+» AND RICKETS 


The X-ray photograph also detects the presence of such diseases 
as rickets, Which may follow a deficiency of vitamin D in the diet. 
A thin, sharply defined, dark epiphyseal plate is the normal con- 
dition, whereas a broad, fuzzy, poorly outlined plate is indicative 
of rickets. This means that in the first case, bone is being well 
and rapidly formed from cartilage; in the second, that it is being 
formed more slowly. 

By and large, the legs must endure a crushing stress, bearing 
as they do the weight of the body, while the arms must be built 
to resist a breaking stress, lifting weights, etc. Engineers who have 
studied haversian systems find that the arrangement in the legs is 
Well designed to resist crushing stresses, while that of the arms 
Makes for high resistance against breaking stresses. Chin 48 

When a bone is broken, the repair process starts: within . 
hours in a young person. A cartilaginous callus forms 1n a Pate 
‘steum adjacent to the fracture and moves up 10 mi “i aatl> 
fracture area. This serves as scaffolding, according to some } 
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Muscle Tissue 

There are three types of muscle tissue: Striated, non. 
and cardiac muscle. his 

Striated muscle.—Also called skeletal or voluntary, this , 
includes the large muscle masses of the body, the Muscles of 
arms, legs, back, etc. It includes all those muscles that can ms 
voluntarily operated, i.e., those that one can “wil]” to contract 
A fiber of such a muscle is striated, that is, it is marked by alter. 
nate light and dark bands, as shown in the sketch. A Muscle fiber 
actually consists of a large number of cells which have lost their 
cell membranes and become fused into the muscle cell; it there. 
fore contains as many nuclei as there were cells originally, some. 
times as many as two hundred. The nuclei are always just beneath 
the surface of the fiber membrane. 

Non-striated muscle.—Muscle of this type, also called smooth 
or involuntary forms the muscle wall of the internal organs of the 
body, such as the stomach, intestines, bladder, etc. It is not under 


Aled 


Aleg yy 


SMOOTH MUSCLE FIBER 


The Framew 
Ork of Life 
qluntary control. Although supplied wi . 
\ ye them are not under voluntary con 
jsists of individual cells, spindle- 


sort CO! 
id with the nucleus centrally located 
d cardiac (heart) muscle.—This muscle is, in a sense 
weed the previous two. It does have faint stri ac 
i comparable to skeletal muscle, but the nuclei are central] 
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muscle is that the fibers have neither a beginning nor an ach 
other words, the heart is simply a huge net of muscle in ables 
all elements are continuous with each other, 
It might be mentioned here that the two divisions of the nervous 
system are based on the type of muscle which they serve. The 
somatic division serves the skeletal muscle; the autonomic division 
serves smooth muscle and the heart. 
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Nerve Tissue 

Little will be said here concerning the anatomy and histology 
of the nervous system, which is taken up in detail in a later chap- 
ter. We will merely note that the unit of structure of the nervous 
system is the neuron, of which there are three kinds: motor, sen- 
sory, and connecting neurons. The drawing of “nervous tissue” 
also shows tissue of the brain and spinal cord; the “white matter” 
consists of bundles of nerve fibers; “gray matter” is largely nerve 
cell bodies. A nerve is simply a bundle of nerve fibers. 


An interesting line of research is currently demonstrating the behavior 
of cells in forming tissues. If kidney tissue, consisting mainly of Laie 
treated with enzymes or certain chemicals, the cells become Saas walt 
the tissue disintegrates into individual cells. If a suspension * hel 
snow raised in tissue culture, they reaggregate sage as they 
Tiginal tissue structure, becoming tubules quite as a * and car- 
*riginally were, The same thing happens with liver, rly 2 form live 
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selves to form cartilage tissue. What guiding force causes these differen. 


tial arrangements is as yet unknown. 

Something of the same sort takes place in the living body. Intense ir. 
radiation of an animal destroys the bone marrow, where, as we shall see 
later, the blood cells are formed. If a suspension of bone marrow cells 
(even from another species) is injected into the circulation of the irradi- 
ated animal, the cells lodge in the depleted bone marrow, grow into 
blood-forming tissue, and replace the destroyed cells, greatly increasing 
the animal’s chance of survival. 


HOW TISSUES FORM ORGANS 


The drawing of a segment of cross-section of the small intestine 
very nicely illustrates the arrangement of different tissues in an 
organ. Both the inner and outer surfaces are covered with epithe: 
lial tissue; the inner is of the simple columnar type with numer 
ous goblet cells; the outer, of simple squamous epithelium. Beneath 
the ral epithelium is a layer of connective tissue, which forms 
sy custion on which the epithelium rests and into which many 
Blands, ‘the intestinal glands, extend. Beneath the connectivé 
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sue layer is a layer of smooth muscle, whose fibers run circu- 
arly around the organ; then another, quite thin, layer of con- 
nective tissue, and then another smooth muscle layer, this one 
with its fibers running lengthwise. The whole is covered by an- 
other epithelial coat. Blood vessels and nerve fibers are shown, 


oenetrating to all parts of the structure. 


ORGAN SYSTEMS 


An organ is a structure in the 
The stomach, for instance, is the organ in w 
digestion takes place; the entire process, however, 
tunctioning of a number of other organs. The term “organ sys- 
rll is applied to a group of organs concerned with a given 
‘unction, 
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learn the names of the twenty-two bones of the skull or the more 
than six hundred muscles of the body. Therefore, only a brieg 
description of these two systems will be given. 


The Skeletal System 

The entire skeletal system, as illustrated by our full-length 
skeleton, may be divided into two parts—the axial skeleton and 
the appendicular skeleton. Included in the former are the vertebra] 
column, the ribs, the sternum, and the skull. The appendicular 
skeleton consists of the pectoral and pelvic girdles and the bones 
of the arms and legs. 

The axial skeleton—The human has thirty-three vertebrae; 
seven cervicals (neck), twelve thoracic (chest), five lumbar (upper 
back), five sacral (lower back), and four coccygeal (tail). In the 
adult the sacrals are fused to form the sacrum and the coccygeals 
form the coccyx. 

Regardless of the story of the creation of Eve, the number of 
ribs in the two sexes is the same, namely twelve pairs. The upper 
seven are attached to the sternum (breast bone) by separate carti- 
lages, the next three are each attached to the cartilage above, and 
the last two are not attached at all (“floating ribs”). 

The four largest bones of the skull—the frontal, parietal, oc- 
cipital, and temporal—have names corresponding to the lobes of 
the brain lying beneath them. The maxilla and mandible are 
used primarily for chewing and will be given more attention later. 
There are four sinuses on each side of the face. They are air-filled 
cavities lying within certain bones of the face, and they are im- 
portant because they frequently become infected or inflamed; the 
membrane which lines the nasal cavities, to which bacteria have 
easy access, extends into the sinuses. 

The appendicular skeleton.—Forming the pectoral girdle are 
the two clavicles (collar bones) and the two scapulae (shoulder 
blades). Originally the pelvie girdle consists of three bones on 
each side, the ilium, the ischium, and the pubis, but in the adult 
they fuse to form the pelvic girdle. At the junction of these bones 
is a deep socket, the acetabulum, into which the head of the femur 
fits. In back, the girdle is completed by the sacrum and coccyx, 
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the entire structure being the pelvis. Incidentally, the fer.,, 
pelvis, designed as it is to accommodate the fetus, is Considers|, 
broader than is the male pelvis. 

Arms and legs are quite similar. Their corresponding bones ay, 
listed in the following table: 


ARMS LEGS 
Humerus (upper arm) Femur (thigh) 
Radius and ulna (bones Patella (knee cay) 

of forearm) Tibia and fibula (bones 
Carpals (8 bones of wrist) of lower leg) 
Metacarpals (5 bones of hand) Tarsals (7 bones of ankle) 
(No “elbow-bone” except funny bone) Metatarsals (5 bones of fout, 


Phalanges (14 finger bones— Phalanges (14 toe bones) 


3 per finger, 2 in thumb) 


Voluntary Muscles 

Muscles are always arranged in pairs (or paired groups), with 
contraction of one member producing the opposite effect as con- 
traction of the other. Thus, bending the arm upward (flexion) is 
accomplished by contraction of the biceps; meanwhile, the oppos- 
ing muscle, the triceps, relaxes. Straightening of the arm, (exten- 
sion) occurs when the triceps contracts, with relaxation of the 
biceps. As will be seen later, these muscle movements, of the re- 
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Jaxing muscle as well as the contracting one, are controlled by 
nerve impulses over MOLOF-nerve fibers. In other words, relaxation 
js nota passive process but subject to the same nervous control as 
eonmaction, As one muscle contracts because it is receiving more 
nerve impulses, its Opposite number relaxes because it is receiving 
fewer. This makes for greater smoothness of movement. Muscles 
have two attachments; one is fixed and it is against this attach- 
ment—the origin—that the muscle pulls, ‘The other attachment is 
movable; it is called the insertion, In the diagram shown, the origin 
of the biceps lies in the shoulder, its insertion in the radius. This 
diagram also shows the leverage action of muscles. In this case the 
fulcrum is the elbow, the resistance is the weight of the forearm 
and whatever is being lifted, and the effort is applied at the point 
of insertion in the radius. 


Preview of Coming Chapters 


We will now merely list the members of the internal organ 
systems of the body; it is with their functioning that this book 
is mainly concerned, 

Circulatory system.—Blood, lymph, tissue fluid, Heart, arteries, 
capillaries, veins, and the spleen. 

Respiratory system.—Larynx, trachea, bronchial tubes and air 
sacs of the lungs. 

Digestive system.—Mouth, pharynx, esophagus, stomach, small 
intestine, large intestine, liver, gallbladder, and pancreas. 

Excretory system.—Kidneys, ureters, urinary bladder, and 
urethra. 

Endocrine system.—Thymus, pineal, thyroid, parathyroid, pan- 
creas, adrenal (cortex and medulla), pituitary (anterior lobe and 
posterior lobe) , and the sex glands. 

Reproductive system, female.—Ovaries, fallopian tubes, uterus, 
cervix, vagina, and the mammary glands. 

Reproductive system, male.—Testes, epididymis, vas deferens, 
seminal vesicles, and prostate. 

The nervous system.—Somatic and autonomic divisions. 

The organs of special sense. —Eye, ear, taste buds, and olfactory 
epithelium. 


CHAPTER 7 EMBRYOLOGy 


In the two chapters immediately preceding, we described, first, 
the principles of genetics which determine the appearance and 
capacities of human offspring, and then the architecture of the 
human body. Here we will combine the two to trace the newly 
conceived person from the time a sperm cell from its father fer- 
tilizes its mother’s egg to the time—280 days later—when a new 
individual enters the world, undeniably human, but bearing those 
specific variations of human traits that characterize his forebears. 
The science of embryology studies the entire prenatal period. 
Some biologists prefer to call the unborn an “embryo” for the 
first two months and a “fetus” thereafter. We will use the term 
fetus throughout since it applies technically to the whole preg: 
nancy. 
Aside from satisfying our curiosity about how we come to be, 
embryology tells us many things about relationships of organs and 
functions in the adult body, about our evolutionary history, and 
about the extent to which the fetus is influenced by the outside 
world, Prenatal influences concern us on two counts: helping 
haa babies here and now; and studying the anomalies 
» for their implications as to the origin of species. We 
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will consider these aspects of embryology further, after a brief 


account of the ontogeny of a fetus. 


FROM FERTILIZATION TO IMPLANTATION 


The embryological phase of a human life begins in the upper 
end of the oviduct (also called the fallopian tube). A ripe egg is 
expelled from one of the ovaries, a process called ovulation, which 
occurs about once every 28 days in the mature female, at a time 
roughly midway between menstruations. In the accompanying 
diagrams, stage 1 represents the ripe egg as it leaves the ovary 
and enters the corresponding oviduct. In the vast majority of 
menstrual cycles, the egg will not be fertilized but will undergo 
dissolution in the uterus and be carried away with the next men- 
strual flow. If active sperm are present in the oviduct at the time 
of ovulation, conception may occur. We are not sure of the time 
relationship between sexual intercourse and possible fertilization 
of the egg; it may be only a matter of hours, certainly no more 
than a couple days. Such questions as these—time of ovulation, 
life span of egg and sperm, the role of the hormones in controlling 
reproduction—are of interest to almost every adult and will be 
considered in detail in a later chapter. Here we wil] concern our- 
selves mainly with the history of the fetus itself. 

Fertilization means the union of sperm nucleus with egg nu- 
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morvie (stage 7). nil te examination would show that 
of an any-celled morula ( mulberry” actually as 
. solid, ™ — , ) actually has two parts 
this § ver layer of cells and inside this, a cluster of cells. These na 
me more sharply differentiated during th ae 
arts : Z g the three or four 
a ; that the morula clings to the uterine wall. Gradually fluid 
on petween the layers, and the morula becomes a blastocyst 
wat _ This consists of a hollow sphere, one cell thick, called 
‘ » trophoblast; attached to one point of its inner surface is the 
oat cell mass, from which the fetus itself develops. The role of 
” noblast is to enclose the fetus while establishing strong mem- 
pranous connections between mother and child. While it under- 
goes the process of implantation, we pause to clarify a question 
jeft over from chapter 5 on heredity. 


The Question of Twins 

We have said that the ovaries produce one egg every 28 days. 
Occasionally more than one egg is produced and, if fertilized, may 
result in a multiple birth. Two such eggs, fertilized by two sepa- 
rate sperm, result in fraternal twins. These children will resemble 
each other no more than ordinary siblings; they have the same 
mother and father, but their complement of genes may be quite 
different. 

identical twins are another matter. They result when a single 
fertilized egg divides, probably at some time during the cleavage 
stages, into two separate masses. For example, an 8-cell zygote 
suddenly splits into two 4-cell zygotes, and each of these goes on 
to develop into a new individual. Since they come from the same 
egg and the same sperm, these two are identical as to genes, and 
they will resemble each other, often uncannily! Identical twins 
must always be of the same sex, of course, determined by whether 
the sperm involved carried an X or a Y chromosome; fraternal 
‘wins may or may not be the same sex. 
Sometimes certain traits of identical twins will be mirror 1m- 
hs shown in the diagram of the Dionne Legere oor 
ya are identical twins in which the split is not a ach 
in Paration is possible if the attachment 1s superficia’, + 

8 only skin and muscle; but if the twins are joined in suc 


a 


HAIR WHORLS) L @e Lae Lae + RE R Sy 


HANDEDNESS R &Y) R Bl R GI L&E R 


CECILLE ANNETTE YVONNE EMILIE MARIE 


“MIRROR IMAGES" 


way that they share one or more organ systems, separation is not 
attempted. Fortunately, birth anomalies such as this seldom 
survive. 


a 


Nourishing the Fetus 

By the time the fetus is completely buried in the wall of the 
uterus, the enclosing trophoblast has developed into the chorion, 
one of the embryonic membranes that will surround the fetus 
until birth. From its outer surface the spongy chorion dips mullti- 
ple fingers (“villi”) into the mother’s blood supply; thus the fetus 
gains its oxygen and food and gives off carbon dioxide and wastes. 
This function gradually becomes concentrated at the region where 
the body stalk of the fetus is attached, forming by the end of the 
second month the pancake-like placenta. Though in intimate con- 
tact, the blood streams of mother and child remain separated by 
capillary walls. There is the possibility of fetal red cells, or frag- 
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ments of cells, getting into the mother’s circulation, however, a 
point which will be touched upon again in connection with the 
Rh factor in the chapter that follows. 


EARLY DIFFERENTIATION OF THE FETUS 


The fetus develops from the inner cell mass as it differentiates, in 
a fairly neat and predictable manner, into ectoderm, entoderm, 
and mesoderm—the primitive germ layers. From these, every organ 
system of the eventually independent organism can be traced. 
(There is little increase in size as yet; it is exaggerated in our dia- 
gram to denote progress.) 


The Ectoderm 


The outer layer develops rapidly and soon encases the fetus 
in a single-layered “skin.” In fact, ectoderm is the skin's outer 
epithelial layer; it is also the origin of hair, fingernails, sweat 
glands, the retina of the eye, and the entire nervous system. These 
three stages of early differentiation of the germ layers show how 
the neural tube is formed. By five weeks of age (the level reached 
by the “primitive gut” drawing), the head end of the tube already 
shows the three distinct bulges of the brain. 


The Entoderm = 
As a consequence of early differentiation, the INNErmosy , 
i « : Sern 


laver, the entoderm, becomes divided into two separate SUTUCLUT es 
the notochord and the primitive gut. The notochord, in the (,, 
of a rod, extends nearly the entire length of the fetus. It js 4 ‘si 
ot oxnasll ai around which the vertebral column will develop 
parts of the notochord persist even in the adult, as we shal] ao 
The rest of the entoderm forms the primitive gut, from which 
sprout curious offshoots that will eventually become important 
adult organs. From one point near the head end, a bud appears 
that grows into a long tube which extends downward and enlarges 
at its end into the thyroid gland. The tube disintegrates and dis. 
appears, although the point of its origin can still be seen in the 
adult, far back in the mouth cavity. A little further along, a simi- 
lar but larger bud extends into a tube and grows downward, di- 
viding at its end; at the tip of each division, the lung buds form. 
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Originally, the primitive gut has no connection with i nyt 
world, but during the fifth week (shown in our diagram) the oral 
plate—a fusing of entoderm with ectoderm—breaks, making a con- 
tinuous tube: mouth-throat-gut. The anal plate ruptures to form 
the anal orifice about a week later. 

The Mesoderm 

Although the slowest of the germ layers to be differentiated, 
the mesoderm eventually forms the bulk of the human body; it 
constitutes the skeleton, the musculature, the blood and circula- 
tory system, and many tissues that “fill in” or “pad out” structures 
we have attributed to the other germ layers. 

At first the mesoderm flanks the gut cavity in continuous sheets. 
Concurrently with formation of the neural tube, the mesoderm 
splits into an outer (“somatic’’) layer and an inner (‘splanchnic’) 
layer. By the age of five weeks (represented in our diagram) the 
outer layer has fused with ectoderm to become the body wall called 
the somatopleure; the inner layer, fusing with entoderm, circles 
the gut as the splanchnopleure; the cavity between them is the 
‘selom. (This is the main body cavity and is later divided by the 
diaphragm into thorax and abdomen.) 
Pdi the third week the bulging, con fal 
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DIFFERENTIATION OF MESODERM 


Within each somite, the mesoderm then becomes differentiate 


into the following varieties, named for the tissues they form: 
s the skin; the earlier mentioned ecto- 


dermal derivative was merely an outer epithelial layer; beneath it is 
the dense mass of connective tissue in which lie the blood vessels and 
nerve endings that perform the functions of true skin, or cutis vera. 
From the myotome (‘“muscle-builder’’) come the skeletal muscles. 
Sclerotome gives rise to our bones. In the diagram it is shown surround: 
ing the notochord in the region where the vertebral column will develop. 
In each somite this sclerotome patch grows backward, around either 
side of the neural tube, eventually fusing to form the hollow canal in 
which the spinal cord lies. (The neural crests will be noted as additions 
to the neural tube, appearing since the preceding diagrams. These de- 
velop into the peripheral nerves.) Remnants of the notochord persist 4 
ro eece sant discs, bi-convex structures that cushion the oan 
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“ct tissue with branching cells that form a ee itive 
ad moving about, ameboid-fashion, to fill in the gaps a 
strictest definition the dermatome, sclerotome, and ba oe - 
nally mesenchyme; so are the smooth muscles in the walls of 
the stomach and intestines; and the entire circulatory system and 
what it circulates. However, we use the term here to name that 
form of embryonic tssue that persists throughout life, retaining 
the ability to turn into any of the above types of tissue. Even a 
man of eighty who breaks his leg may count on fibroblasts to ma- 
terialize from his scraps of mesenchymal tissue and go to work 


mending the fracture. 
To summarize the fate of the three germ layers, 
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since the fourth week; and the external appearance has become 
defined, so that the fetus is recognizable as human rather than 
belonging to some other species. He is only about 3 cm. long and 
weighs an average of 2 gm., but he’s “all there,” with seven long 
months ahead to put on weight and the finishing touches. This 
gives us time to reflect upon the significance of this initial period 


of rapid differentiation. 


SIGNIFICANCE OF EMBRYOLOGY 

Embryology, we have said, holds values for scientific investiga- 
tion beyond mere description of the emerging human offspring. 
Frequently an analysis of the origin of a structure, for example, 
explains apparent contradictions between anatomy and function. 

Why are the functions of the anterior and the posterior lobes 
of the pituitary so different, though they are part of the same 
gland? 

The nature of the functions and how they differ must wait 
until a later chapter, but the explanation lies in embryonic devel- 
opment. An extension of cells from the ectoderm, in the region 
that is to become the mouth cavity, grows upward toward the 
brain. It meets another growth of cells descending from the brain. 
The lower group grows upward, forward, and around the other 
and becomes the anterior lobe of the pituitary; the upper group 
is the posterior lobe, from which the entire gland is connected to 
the brain by the pituitary stalk. 

A similar association occurs in the adrenal gland. The central 
medulla arises from sympathetic ganglia of the nervous system; the 
cortex, from mesoderm. 


“'Ontogeny Recapitulates Phylogeny” 


This familiar phrase refers to the observation that the embry- 
onic development of the individual frequently resembles the evo- 
lutionary history of his species, as if the fetus, curled up within 
the uterus, were looking over his shoulder at times past. Approxi- 
mately one hundred structures make their appearance in the de- 
veloping fetus to support this theory. Such structures serve no 
purpose at the human level of evolution; but they are similar to 
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embryonic structures appearing lower in the phylogenetic scale 
and there persisting as meaningful and useful to the animal. This 
accounts for the fact that the human fetus at successive stages of 
intrauterine life resembles an ameba, a sponge colony, a flatworm, 
shark, fish, salamander, and—for a longer time and more closely— 
the embryos of other mammals, such as rats, pigs, etc. 

What happens to these inappropriate structures during the 
course of human development? Some persist through life as ves- 
tigial remains: the appendix and the muscles that wiggle the ears 
are examples. Others, such as a tail one-third as long as the body, 
at one stage, and at another a coat of fur that covers the entire 
fetus, these disappear long before birth. 

Perhaps our best clues as to the course of evolution come from 
embryonic changes in the same organ system during the prenatal 
period. The kidney is such a case, with a primitive chordate kid- 
ney appearing first, then a less primitive fish-type kidney, and 
finally a true mammalian kidney. 

Another example: the human fetus develops a two-chambered 
heart at first, like a fish, and the related blood vessels communicate 
with the embryonic gill slits, which are never used for respiration 
by the human. The fetal heart then passes into a three-chambered 
stage, such as is characteristic of the finished frog or salamander. 
Finally it reaches the four-chambered heart of mammals and birds, 
with systemic and pulmonary circulations separate from each other. 

The thyroid gland, already mentioned as being originally a 
digestive organ, is an example of how the vertebrate body adapts 
outdated equipment to new uses. The gill slits, which put in a 
brief appearance in the human fetus four to five weeks old, are 
the most familiar example of an old structure remaining, like an 
empty house, ready for new occupants. During the development 
of the primitive gut, five pouches crop out in the neck region. At 
the same time five ectodermal clefts grow inward, They meet, fuse, 
and rupture, so that for a time there are five openings along the 
neck, reminiscent of the gill slits that are essential to the respira- 
tion of a fish, However, the gill slits are never functional in the 
human and soon close up, all except the foremost one. Later, 
when the neck region of the fetus is pulled forward and incorpo- 
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rated into the head, this gill slit becomes the eustachian tube 
and the tympanic cavity. Some of the others remain as pouches 
and are utilized in new ways: The tonsils develop in the second 
pouch, and the thymus and parathyroids are housed in the third 
and fourth. 


Prenatal Influences on Development 


By this day and age, it is unlikely that any reader of this book 
thinks a fetus is “marked” or molded by the mother’s activities 
and thoughts, good or bad. Shielded by the tough, flexible embry- 
onic sac, buffered by the warm, friendly amniotic fluid, with gro- 
ceries delivered and wastes removed over the custom-built um- 
bilical cord, with his mother cutting down on salt and getting 
her exercise by regular trips to the library and “well baby clinic,” 
the modern fetus seems just about invulnerable. Or he did until 
Hiroshima. 

We have quoted embryologists as believing that all major 
structures are marked out and the fetus appears human after only 
two months in utero. In the rat, whose embryology we know bet- 
ter than our own and who also spends its first seven days on the 
trip from ovary to uterus, everything important seems to happen 
between the eighth and tenth days after mating. With every rea- 
son to believe that the two species go through the same sequence 
of differentiations, we can infer, from studies involving X-irradi- 
ation of rat fetuses, what damage might be done to human fetuses 
and at what stage. Apparently the highest degree of radiosensitivity 
occurs from day 18 to day 38 after implantation. This is the point 
at which gross anomalies might result from body doses of X-rays 
no stronger than those used in radiological examinations. The 
most insidious part is that a woman might not even suspect she 
was pregnant at this early date. It has become standard practice 
in a remarkably short time to ask women patients of child-bearing 
ages the date of the last menstrual period and, if possible, these 
dates for the past several periods. (This is a record every young 
woman should keep in any case, for a number of reasons that 
we will point out as we go along.) 

Unless the mother’s life is in danger, pregnant women are sel- 
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dom X-rayed nowadays. At least two dangers to the fetus argue 
against subjecting it to irradiation at any age: (1) As soon as the 
genital ridges appear, there is the possibility of causing mutations 
in the fetal germ plasm; and (2) since the nervous system continues 
to form throughout the prenatal period, damaged nerve cells might 
be carried to any part of the fetus, and as we have said, these cells 
are irreplaceable. Strong evidence is also piling up that the inci- 
dence of leukemia is significantly greater in young children who 
have experienced prenatal irradiation. 


THE FINISHING TOUCHES 


Several pages ago we characterized the two-month-old fetus as 
essentially complete, with nothing left to do but grow. We left 
him to grow, from 2 gm. to about 3,400 gm., from a length of 3 
cm. to about 50 cm. at birth. Actually “differentiation” alone 
still leaves a lot to be completed and integrated before the fetus 
reaches “term” at forty weeks. This we know from observations 
of prematurely born infants. Many survive with the aid of incu- 
bators, some born as soon as the twenty-eighth week, but we can 
watch them completing their “prenatal” development on the out- 
side. The nervous system and sensory apparatus, particularly 
vision, seem to require every day of the long maturation period. 
With careful handling, however, a seven-month baby can catch 
up to normals by the end of its first year. 

Based on observations of “premies” and studies of even 
younger fetuses removed for medical reasons and kept alive for 
a matter of hours in warm salt solution, development after two 
months can be summarized, as follows. 

Changes during Third Month: Head extended; neck lengthened 
Eyelids meet and fuse; nose prominent; 
nostrils move forward 
Responsive to touch on nose, lips, chin 
(generalized) 
Limbs now well developed, with toes and 
fingers; nails appear on digits 


External genitalia reveal sex 
Weight: 14 gm.; length: 10 cm. 
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Changes during Fourth Entire body now sensitive to touch (gen. 
and Fifth Months: eralized response) 
Hair on head 
Mother usually begins to feel movements 


of fetus 
Weight: 316 gm.; length: 25 cm. 
Changes during Sixth and Body covered with fine hair (lanugo) 
Seventh Months: Eyelids open and close; sucking and grasp. 
ing movements 


Touching lips causes opening and closing; 
touch on eyelid makes it contract 

If born early in this period, will breathe 
and may live 24 hours; chances of sur- 
vival good by end of this period 

Weight: 1,045 gm.; length: 36 cm. 

Changes during Eighth and Fur coat disappears; skin becomes smooth 
Ninth Months: and pink 

Subcutaneous fat deposited 

Average birth weight: 3 kg.; length: 50 
cm, 


THE BIRTH EXPERIENCE 

We have been speaking of 280 days (ten lunar months or nine 
calendar months) as the human gestation period. Like all things 
human, this actually shows considerable variation, with more than 
50 percent of all pregnancies missing this mark by more than a 
week, in one direction or the other. A couple of authenticated cases 
have survived birth at 200 days; the upper limit recorded is 330 
days. Most doctors would initiate labor long before that point, 
since the “‘post-mature” infant is threatened with reduced oxygen 
supply, due to drying out of placental connections. 

It is not known just what starts the uterine contractions of 
labor. It is probably a combination of hormonal influences and 
direct irritation and pressure on the uterine wall by the full- 
grown fetus. During pregnancy the uterus expands enormously, 
becoming approximately 24 times its initial mass. 

Labor occurs in three stages, which vary in length and difficulty 
with the individual delivery. Many factors contribute, including 
structure of mother, position of fetus, whether it’s a first baby, 
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etc.; pethaps the most important single factor is the psychological 
attitude that the mother carries with her to the delivery room. 

During the first stage, uterine contractions cause the amniotic 
sac (‘bag of waters’’) to burst, if this has not already happened,* 
The continued series of contractions press the fetus against the 
cervix. The opening gradually dilates until it is large enough to 

ass the infant’s head. After the head pops through the cervix the 
second stage begins. The contractions increase in frequency and 
intensity, and the mother feels called upon—or is told—to strain 
or bear down during the contractions, so that the abdominal wall 
assists in easing the fetus along the birth canal. The child is legally 
born when its head has reached the outside air so that it can 
breathe. It is still connected to the placenta by the umbilical cord; 
pulsations of the cord can be seen while the placenta forces blood 
into the fetus; when these pulsations cease the cord is cut. The 
stump of the cut cord is the navel; it has no further function. 
During the third stage, the placenta is expelled. It consists of the 
chorion and a portion of the uterus, that portion into which the 
chorionic villi had penetrated. The tearing loose of this portion 
of the uterus results in the rupture of blood vessels and conse- 
quent hemorrhage, which ordinarily is checked by further uterine 
contractions. After the baby is born, the uterus involutes rapidly 
until it is not much larger than the virgin uterus. 

Since the present chapter is concerned with the new human 
being, we will pay no further attention to his mother and her 
experience until the chapter on reproduction. Instead, let's 
think about the birth experience from the infant’s frame of refer- 
ence. It seems doubtful that the human ever again encounters a 
physiological crisis comparable to that of merely being born. Con- 
sider his organ systems. The circulatory system is functioning 
and has been ever since the heart first started to beat, but even 
here there are certain difficulties. Prior to birth the pulmonary 
Circulation was inoperative, since the lungs contained no air; 
blood was therefore shunted, by way of the small, temporary 

* Occasionally the amniotic sac does not rupture and the baby is born with the 


‘ac around its head. In the old days, this “being born in the caul” was thought to 
‘ignify that the newborn would have great ability to prophesy. 
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pee be used and promptly, The pulmonary artery and j,. 
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For the first dime dhe lungs are hlled with ar, Although respirg. 
rory movements have been observed in fetuses betore birth, they 
are feeble and of lite moment. Up to this time the fetus has 
been receiving oxygen from his mother’s blood: now he Must 
supply his own, 

Another system which has never been used before is the diges. 
tive system: never has a spoonful of milk or a mouthful of food 
entered the fetal guy now, if he is to live. he must learn to digest 
his own food. Likewise, the kidneys must learn to excrete urine, 
and the bladder to hold it. Some members of the endocrine sys. 
tem have been functioning: the thyroid has been secreting thy- 
roxin and the pancreas insulin, but it is doubtful whether his 
nervous system has been used very much; parts of it are not even 
complete at birth, So it is not surprising that one out of thirty 
babies dies within the first year of life. What is surprising is that 
twenty-nine out of thirty survive. 


CHAPTER 8 BLOOD AND 


OTHER VITAL FLUIDS 


When that most simple of creatures—the one-celled ameba—en- 
gulfs a particle of food, a fluid-filled space called a “vacuole” is 
formed around the particle. As digestion proceeds, the vacuole 
circulates around in the soft gelatinous protoplasm of the ameba’s 
insides, dispensing nourishment to all parts. This is all the “cir- 
culatory system” an ameba needs, since it takes its oxygen directly 
from the surrounding water and secretes carbon dioxide and 
waste products back into it. With the advent of multicellular 
animals, however, those cells in the center of the mass are ob- 
viously at a disadvantage; the only food and oxygen available to 
them are what the intervening cells have not used up. 

And when specialization of function begins, a circulatory sys- 
tem becomes a “must.” Certain organs take over the job of in- 
gesting the food and preparing it for digestion; another system 
Provides oxygen for burning it; various others use the energy 
Produced to carry on assorted life-functions. Basic to the te 
Brated functioning of all is the “transportation service” furnished 


by the circulating blood. 
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In order to transport food and oxygen to the tissues and remove 
waste products from them, a circulatory system actually must in. 
clude three components: (1) The circulating medium carries mo. 
terials about; with us it is the blood, the main “vital fluid” ty 
be considered in this chapter. (2) There must be a pump to keep 
the fluid in motion; this is the heart. (3) Finally, there must be 
a network of vessels through which the blood courses to every 
cell of the body; these blood vessels are the arteries, veins, and 
capillaries. 

The development of our circulatory system begins very early 
in embryonic life. This is essential since the fetus is growing and 
specializing at such a rate that its organ systems are all differen. 
tiated by the end of the second month. The heart is already beat- 
ing at the end of the fourth week. 

As the last chapter said, the entire system originates from 
mesenchyme, which has the property of invading all parts of the 
fetus. There are masses of mesenchyme scattered around every- 
where. These masses secrete a fluid—the forerunner of blood 
plasma—eventually opening up a small cavity in each mass. The 
mesenchymal cells around each cavity are flat, early versions of 
the simple squamous epithelium that lines all blood vessels. A 
few cells break loose and enter the cavity, where they clump to- 
gether and somehow, from somewhere, acquire a red pigment, 
hemoglobin. Such clumps are called “blood islands” and are primi- 
tive red blood cells. These same events have been taking place in 
many other masses of mesenchyme, and when the cavities from 
different regions join, they form tubes—the blood vessels. In one 
particular region of the chest, certain tubes become surrounded 
by a heavy muscle, also from mesenchyme, to form the heart. 
With the heart’s first beat, the fluid is forced into action, and 
from that moment until death the heart never stops beating and 
the fluid never stops flowing. 

We will begin our study of the circulatory system by con- 
sidering that which circulates, reserving the architecture and 
mechanics of the system for the chapter that follows. 


é 
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GENERAL PROPERTIES OF THE BLOOD 


Composition 

If something is added to a sample of blood to keep it from 
clotting and it is permitted to stand—or better, because it goes 
faster, if the blood is centrifuged—it separates into two approxi- 
mately equal fractions. The rapidly rotating centrifuge drives the 
heavier elements, ¢.g., the red blood cells, to the outer (lower) 
art of the tilted test tube. The upper, lighter half is the liquid 
portion of the blood, the blood plasma; it is pale yellow, some- 
what viscous, and sticky. The plasma usually constitutes about 
55 per cent of the total, the cells, 45 per cent. The instrument used 
for this determination is the hematocrit, and the measurement is 
called the “hematocrit reading.” Thus if a certain blood sample 
ave a hematocrit reading of 40, it would mean that the sample 
consisted of 40 per cent cells, 60 per cent plasma. 


Volume 
It is very difficult to determine the volume of blood in the body. 
The most obvious method would be to drain the dead body of 
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blood and measure it; or more accurately, to measure the hemo. 
globin content of a certain measured blood sample, then grind 
up the body and extract the total hemoglobin from the mass. If 
the original sample contained 15 gm. hemoglobin per 100 ce, 
blood, and the mass yielded 900 gm, hemoglobin, the total blood 
volume would have been 900/ 15 X 100, or 6,000 cc. (6 liters) of 
blood. This is the most accurate method, and it has been used on 
animals and a few executed criminals, but it is rather drastic. 


For routine use, a “dye” method is frequently employed in which a 
certain amount, say 1 gm., of a harmless dye is dissolved in salt solution 
and injected. Some time later, usually about 20 minutes, a sample of 
the blood is taken and centrifuged. One faces a difficulty here; enough 
time should be allowed for thorough mixing with the blood, but if one 
waits too long, the kidneys will begin to excrete the dye into the urine. 
The dye chosen will be one that is not taken up by the cells; therefore, 
all the dye will be in the plasma, The plasma, which will be tinted red 
or blue, depending on the dye used, is now compared with known stand- 
ards, such as the three dye concentrations shown in the sketch. Suppose 
its color exactly matches that of the central solution, in which | gm. of 
the dye has been dissolved in 3 liters of water; then the 1 gm. of dye 
which was injected must have been mixed with 3 liters of plasma. Ac- 
tually, instead of trying to match it against a lot of standards, a device 
called a colorimeter is employed. Then, if the hematocrit reading is 50, 
which means that half the blood is cells and half plasma, the total blood 
volume is 2 x 3 liters, or 6 liters. 

While this method gives the volume of circulating blood quite accu- 
rately, it does not give the total blood volume. As will be pointed out 
later, the circulation through the spleen is very slow and it is doubtful 
whether much of the dye would have entered the spleen. Consequently 
the blood in the spleen, which represents about 5 per cent of the total 
blood volume, would not have been included. The figure usually ob- 
tained for the circulating blood is about 8 per cent of the body weight. 
Thus if a man weighed 80 kg. his body would contain 8 per cent of 
80 kg., which is 6.4 kg. of blood, or roughly, 6.4 liters. 


Color 


Everyone knows that blood is red, but it is not, necessarily. 
The color of the blood depends on the nature of the hemoglobin. 
Much will be said about hemoglobin later. Let us only say now 
that it is the colored pigment within the red cells of the blood, 
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chat it is the agent which transports oxygen, and that the color of 
pemoglebin varies, depending on whether or not it is carrying 
oxygen. As the blood passes through the lungs, the hemoglobin 
sicks Up Oxygen and is then called oxyhemoglobin. Oxyhemo- 
globin gives blood a bright scarlet color. However, if the hemo- 
globin contains no oxygen whatever (as is the case after death), 
the blood is dark blue, nearly black. In passing through the living 
body, the blood gives up some, but by no means all, of its oxy- 
gen. Therefore blood which has passed through the tissues (ve- 
nous blood) has less redness and more blueness than fully oxygen- 
ated (arterial) blood. As blood flows from a cut it is red, because 
it has not had a chance to give up much of its oxygen. Hemo- 
globin may take on other colors as well. For instance, in a case of 
carbon monoxide poisoning, it is a distinct cherry red. 


Density 

A moment ago we said that 6.4 kg. of blood was roughly 6.4 
liters. It would have been exactly if the density of blood were 1. 
However, blood is not only thicker than water; it is also slightly 
heavier. To determine the density of blood, it is necessary to 
know the volume and the weight. A droplet from a skin prick 
would give the weight accurately enough, but it is difficult to 
measure small volumes. It is apparently even more difficult to 
withdraw larger volumes of blood, except by nurses trained for 
the task. Therefore, for ordinary office procedure, an indirect 


method is used. 

If one had a fluid of known density with which the blood did not mix 
and placed a droplet of blood in it, if the droplet neither rose nor sank, 
it would have the same density as the fluid. And if instead of a single 
fluid, a mixture of two fluids, one lighter and one heavier than blood, 
were used, the density of the solution could be adjusted to the density 
of the droplet of blood. Now, benzene has a density of 0.9 and chloro- 
form has a density of 1.5. The two mix together, but blood does not 
mix with them. It happens that 10 cc. of the mixture, containing 7.3 cc. 
of benzene and 2.7 cc. of chloroform, weighs 10.6 gm.; the density of 
the mixture is therefore 1.06, the density of normal blood. If one places 
a drop of blood having a normal density of 1.06 in the mixture, it will 
heither rise nor fall. However, suppose the blood is abnormal and falls. 
Then known volumes of chloroform can be added to adjust the density. 


ESTE Lids 


If 0.5 cc, of chloroform must be added, what ts the density of q 


sample of blood? 
Density equals weight divided by volume. The volume of 


the sample is the standard 10 cc. plus 0.5, or 10.5 cc. The total 
weight of the sample is 7.3 cc. of benzene multiplied by 0.9 
(density of benzene), or 6.57; plus 3.2 cc. of chloroform multi- 
plied by 1.5 (density of chloroform), or 4.8; this equals 1/,37 
gm. The density of one cubic centimeter of the sample would 
be 11.37 (weight) divided by 10.5 (volume), or 1.08. 


Osmotic Pressure 


Whole blood has practically the same osmotic pressure as that 
of plasma. This is not only because the red cells do not behave as 
molecules, being relatively much too large, but because there are 
so few of them compared to the number of molecules. It will be 
recalled that a molar solution (“one containing a molecular 
weight of a substance in one liter of solution”’) will exert an os- 
motic pressure of 22.4 atm. This solution will contain 6.06 x 10° 
molecules. In a liter of blood there are 5,000,000 red cells per 
cu.mm., or 5 X 10! red cells which is only one one-billionth as 
many particles as in a molar solution. 


The osmotic pressure of blood is rarely determined but can 
be calculated from the freezing point, as described in chapter 3. 
The freezing point of plasma is —0.56° C. A molar solution has 
a freezing point of —1.86° and exerts an osmotic pressure of 
22.4 atm. Therefore, 0.56/1.86 x 22.4 equals 6.7 atm. This is the 
osmotic pressure of blood, a considerable pressure, equivalent 
to a column of water 69,251 mm., or 230 ft. in height. 


The pH of the Blood 


The term “pH” was introduced by S. P. L. Sgrenson in 1909 as 
a handy way to express the degree of acidity or alkalinity of a 
solution. If a solution is neutral, i.e., neither acid nor alkaline 
(e.g., distilled water), it is said to have a pH of “7.” Going upward 
on the scale, “8-9-10” indicate constantly rising alkalinity; going 
downward, “6-5-4” indicate constantly increasing acidity. Thus, 4 
solution with a pH of 8.5 would be fairly alkaline, but one whose 
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NEUTRALITY 


~+——— INCREASING ACIDITY INCREASING ALKALINITY —= 


pH is 10.5 is more strongly alkaline. A solution whose pH is 6.3 is 
weakly acid; one with a pH of 2.5 is much more strongly acid. The 
pH of the blood is 7.35, which means that it is a very weak alkaline 
solution. The cells of the body cannot stand much departure from 
this figure. A pH of 8 on the one hand or much below 7 would 
certainly be fatal. Shifts toward the acid side occur in diabetes, 
toward the alkaline side, in hyperventilation (over-breathing) and 
sometimes after taking large doses of sodium bicarbonate. 

Choice of the number 7 to express neutrality was not because 7 
is presumably a lucky number. Although ordinarily water is not 
thought of as ionizing—for one thing, it does not conduct the elec- 
tric current—nevertheless, to a small extent it does, thus: HOH 


produces (H) plus (OH). The extent to which this happens is only 
one part hydrogen ions in 10,000,000 parts of water, or 10%. So 
Sérenson chose 7, the power that expresses the ionization of water. 
A solution with a pH of 6 contains one part hydrogen ions per 
1,000,000 parts of water, or ten times as many hydrogen ions as 
water. It is therefore an acid. 

Measurement of the pH may be done colorimetrically. There 
are a large number of dyes, called “indicators,” which change 
color at various pH’s. Or it may be done electrically by means of a 
meter such as “Beckman’s pH meter.” 


The Red Cell 


At what point in the process of evolution the red cell, or 
erythrocyte, evolved is not definitely known; however, it is found 
only in the vertebrates. The red pigment, hemoglobin, which is so 
characteristic of the red cell, appeared much earlier in solution in 
the plasma. The earthworm, for instance, has red blood, red from 
the hemoglobin in solution, One wonders what particular advan- 
tage there is in having the hemoglobin packed into cells rather 
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than in solution. One answer is that much more of it can be car. 
ried that way. It is a protein and, in solution, would make the bloog 
viscous. If the blood’s 15 gm. per 100 cc. of hemoglobin were jn 
solution, added to the 7 per cent already present, the blood would 
have a protein content of 22 per cent and would be so viscous that 
it would scarcely flow at all. The white of an egg is only 13 per 
cent protein and everyone knows how viscous the white of an 


egg is. 


Production in Embryo 


We have already seen how red cells are formed prenatally in 
mesenchyme scattered throughout the animal’s body. Later the 
mesenchyme in two locations—the liver and the spleen—takes over 
this function, and red cell formation becomes localized there. Still 
later, with the development of the bone marrow, red cell forma- 
tion takes place exclusively in this tissue. It is interesting to note, 
however, that the mesenchyme in the liver can revert to its em- 
bryonic function if necessary. Following a severe hemorrhage, for 
instance, it will again begin producing red cells. 

At first red cell formation occurs in the marrow cavities of the 
long bones, i.e., those of the arms and legs, but later these become 
filled with fat and produce red cells only at the ends of the cavi- 
ties. From about the age of twenty, most red cell formation takes 
place in the marrow of the so-called “membranous bones,” name- 
ly, ribs, sternum, vertebrae, and pelvis. 


Production in Adulthood 


The formation of red blood cells begins when a cell called the 
“stem cell,” or hemocytoblast, separates from mesenchyme. It di- 
vides and its daughter cells divide, over and over. They are called 
erythroblasts. Normally they do not enter the blood; when they do, 
the condition is known as erythroblastosis. An example of this con- 
dition, erythroblastosis fetalis, will be described later. 

Nobody knows how many generations of such divisions there 
are. It has been calculated that, if mitosis takes half an hour, there 
are at any given time five billion mitoses in progress. Throughout 
the process, hemoglobin is being stored in the cells. No one 


Blood and Other Vital Fluids 137 


knows, either, exactly where the hemoglobin comes from, but it is 
no doubt synthesized from raw materials supplied by the blood, in 
the same way that gastric cells synthesize pepsin and pancreatic 
cells synthesize insulin. 

At the end of the series of divisions the cells still have nuclei; 
it is typical of the mature mammalian red cell not to have a 
nucleus. The stage during which the nucleus is extruded is called 
the normoblast stage. The nucleus wanders close to the cell mem- 
brane, pokes its head through, and is then neatly shucked out. (At 
one time it was thought that the nuclei of red cells became the 
blood platelets, but since the actual origin of the platelets has 
been discovered this is no longer believed.) The nuclei simply dis- 
integrate and disappear. The normoblast, minus its nucleus, is 
now ared cell, but very young. It may, at this stage, enter the cir- 
culation, but not many do. For about 24 hours it retains a staining 
reaction which makes it recognizable as a reticulocyte. There are 
normally less than 0.5 per cent reticulocytes in the blood, but an 
increase is the tip-off to increased bone marrow activity. Thus 
when liver is given to a patient with pernicious anemia a prompt 
rise in the percent of reticulocytes in the blood occurs. 

About three million red cells per second are produced in the bone 
marrow. The stimulus that causes the bone marrow to increase its 
output of red cells is oxygen deficiency. Examples will be given 
later, but it should be said here that oxygen lack, whether in- 
curred by hemorrhage, high altitude, chronic carbon monoxide 
poisoning, or in any other manner, will cause the bone marrow 
greatly to exceed the figure given. In fact, the maximum rate of 
formation is approximately four times as great as the normal. 


Form, Size, and Structure 


The red cell, illustrated along with other types of blood cells on 
page 155, is a disc about 7.5 » at its greatest diameter and about 
| » through its thin central part. Its biconcave form confers cer- 
tain advantages in the function of picking up and releasing oxy- 
Sen. If it were spherical, the center would be some distance from 
the surface and oxygen could reach it only with difficulty; its flat- 
tened shape obviates that. Its biconcavity is important, considering 


what happens when a cell is placed in a hypotonic solution so that 
water enters. The originally indrawn walls of a red cell can now be 
forced outward an equal distance, like an accordion, and thus ac. 
commodate a certain amount of water. Of course, if stretched be. 
yond that point, the cell membrane ruptures and the hemoglobin 
is spilled into the surrounding fluid; this is called hemolysis, 
Hemolysis is caused not only by the red cell being placed in a 
hypotonic solution, but by many chemical agents, and also by cer. 
tain snake venoms. 

In structure, the red cell consists of a membrane, a spongy pro- 
tein material called the stroma, and, packed into the interstices of 
the stroma, the hemoglobin. Because it is such an important com. 
pound, a little of the chemistry of hemoglobin must now be given. 
It belongs to the group of “respiratory pigments,” compounds that 
have the unique property of being able to combine loosely with 
free oxygen, carry it about, and release it easily to the tissues re- 
freshed by it. (Another respiratory pigment is hemocyanin, in 
which copper instead of iron, is present. It is found in certain 
mollusks, which accounts for their. green blood.) 

The chemical structure of hemoglobin is shown in the accom- 
panying sketches. Essentially hemoglobin consists of a large pro- 
tein molecule, the globin, united with four molecules of a sub- 
stance called porphyrin. Each porphyrin molecule includes four 
pyrrole groups, with various side chains. Depending on the side 
chains, there are many kinds of porphyrins. They are very versa- 
tile and widely distributed in nature. In addition to hemoglobin, 
porphyrins are also constituents of many of the enzyme systems of 
the body and of chlorophyll, the plant enzyme which makes photo- 
synthesis possible. 

When a molecule of porphyrin combines with an atom of iron, 
the compound is ; called heme. There are thus four molecules of 
heme combined with the globin molecule. Each molecule of heme 
will combine with one molecule of oxygen; therefore, the formula 
for oxyhemoglobin should be written: Hb(FeOs)*. However, for 
the sake of brevity, it is usually written: HbOs. 
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THE CHEMISTRY OF HEMOGLOBIN 


The structure of oxyhemoglobin may be shown by the follow- 
ing calculation: 

The molecular weight of hemoglobin is 68,000. One gram 
of hemoglobin combines with 1.34 cc. of oxygen. 68,000 x 1.34 
= 89,600, which is equal to four molecular volumes of oxygen 
(4 x 22.4 liters), therefore, each molecule of hemoglobin carries 
four molecules of oxygen. Since there are normally 15 gm. of 
hemoglobin per 100 cc. of blood, each 100 cc. of blood will 
carry, when fully oxygenated, 15 x 1.34 cc. of oxygen, or 20 cc. 
For iron we proceed in the same manner. There are 50 mg. of 
iron per 100 cc. of blood and since that blood contains 15 gm. 
of hemoglobin, there are 50/15 or 314 mg. of iron per gram of 
hemoglobin. In 68,000 grams there would be 68,000 x 0.003%, 
which is roughly 224 gm. Since the atomic weight of iron is 56, 
224/56 equals four, which means there are four atoms of iron 
per molecule of hemoglobin.-. 
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Number of Red Cells 

The red cell count is usually given as 5,000,000 per cu. mm, ‘I, 
point out what a small volume a cubic millimeter ts, a leaky faucet 
—of course, there are all kinds of leaky faucets—drips drops with a 
volume of about 1/20 of a cubic centimeter. Each of these drops 
would be 50 cu. mm. And when one remembers that half the 
volume of a cubic millimeter of blood is plasma, that should im- 
press one with not only the large number of cells, but with their 
small size as well. The number is subject to variation, as will be 
considered later. For the male the number normally is 5,400,000 
+ 600,000, for the female 4,600,000 + 500,000 per cu. mm. 


Determining the red count.—An instrument called a hemocytometer, 
consisting of a diluting pipette and a counting chamber, is repre. 
sented in the drawing. Having been sterilized with alcohol, the skin of 
the fingertip is pricked with a lancet and a few drops of blood permitted 
to flow. Then the pipette is placed into a freshly flowing drop and blood 
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s sucked into the pipette up to the mark on its stem. The pipette is so 
made that when diluting fluid is sucked up to the second mark, the blood 
is diluted one part of blood to one hundred of solution. The pipette is 
now revolved between the fingers while a small bead in the chamber of 
the pipette keeps agitating the mixture. Then the tip of the pipette is 
placed into a groove of the counting chamber and diluted blood flows 
into it. 

The counting chamber is now viewed under the microscope and the 
count in made. Usually four large squares, each divided into sixteen 
smaller squares, are counted. The total number of cells is divided by the 
number of squares counted, giving the average number per small square. 
It is necessary to count a large number of squares and take the average 
because, no matter how thoroughly the mixing is done, the suspension 
is never perfectly uniform; some squares will have more cells in them, 
some fewer. 

The lines marking the squares are etched into the floor of the chamber, 
put it must be realized that this is not a smear; rather, it has depth and 
is a small vat. Its depth is exactly 1/10 of a mm., and the sides of the 
square are 1/20 of a millimeter; so the actual volume of diluted blood 
in a small square is 1/20 x 1/20 X 1/10 of a cu. mm., or 1/4,000. 

Suppose the average number of cells per small square is found to be 
12.5. If there are 12.5 cells in 1/4,000 of a cu. cm., there will be 4,000 x 
12.5 in a whole cu. mm., or 50,000 cells. But the blood sample has been 
diluted 100 times, so the actual number of cells in the blood is 100 x 
50,000, or 5,000,000 red cells per cu. mm. 


Knowing that there are other cells in the blood—the white cells— 
one may wonder whether they are counted along with the reds. 
They are, but their number is so small that no significant error is 
introduced. The white cells may be counted using the same appa- 
ratus if the reds—which outnumber them so greatly—are first de- 
stroyed. This is done by adding acetic acid to the diluting fluid. 
Also since they are so few (about 7,500 per cu. mm.) they are only 
diluted 1:10; a different pipette is used; and they are counted in 
the large squares of the counting chamber. 

Amount of hemoglobin in the blood.—This is determined with 
a hemoglobinometer. The most common kind consists of a series of 
colored glass plates which can be rotated past the blood sample. 
The blood is first diluted with hydrochloric acid, which gives ita 
brownish color, and then compared with the standards—the col- 
ored plates representing the color of blood in ascending concentra- 


BLOOD SAMPLE 
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THE HEMOGLOBINOMETER 


tions of hemoglobin, When the colors match, it means that the 
sample has the same concentration as that shown by that colored 
plate, 


life Span and Fate 


The formation of red cells by bone marrow has been described 
as a continuous process. This must mean that they are con- 
tinuously being destroyed and replaced. Red cells lead rough 
lives. They are constantly being pounded against each other and 
against the sides of the blood vessels, being forced around sharp 
corners, straddled across the bifurcations of blood vessels, etc., 
much of this at a high rate of speed. So it is not surprising that 
eventually they break up, become fragmented and even pulver- 
ized, (It is estimated that a red cell will have travelled 700 miles 
before this happens to it.) There is a system of cells in the body, 
called the reticuloendothelial system, which takes care of the debris. 
As fragments of red cells pass by, let's say the Kupffer cells in the 
liver—one example of this clean-up system—pick them up, some- 
times picking up a whole red cell as well. In the Kupffer cells the 
hemoglobin is broken down. Iron is carefully guarded, being 
stored in liver cells and retailed out into the blood, to be carried 
to the bone marrow, where it will be used over again in the syn- 
thesis of fresh hemoglobin. The globin part of the molecule is also 
passed into the blood and reused, either in the synthesis of new 
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jemoglobin or for one of the other uses to which blood proteins 
are pul. 

Porphyrin—or bilirubin—is the pigmented portion of the mole- 
cule. It is passed into the liver cells and excreted by them into the 
pile as bile pigment. We have ample evidence for all this: Kupfler 
cells, their bodies plump with fragments of red cells, can readily 
be seen in a section of the liver. Further, the excretion of bile is 
continuous; bile always contains bile pigment; and the only 
known source of bile pigment is hemoglobin. 

Are red cells alive?—The red cell is unique in being without a 
nucleus (anucleate). Since the nucleus is essential to life in other 
cells, the question arises as to whether the red cell possesses the 
physiologic property of life. 

Experiments have shown that the red cell does consume very 
small amounts of oxygen; also, the addition of glucose to stored 
blood prolongs the life of the red cells. Therefore, it appears that 
the catabolic phase of metabolism is taking place to a slight ex- 
tent; anabolic reactions are probably not going on. 

The average “‘life span” of the red cell, that is, the time elapsing 
between its entrance into the circulation and its destruction, was 
thought to be 120 days in the human. However, recent studies indi- 
cate a considerably shorter life span. In the radioactive chromium 
(Cr 51) method, for instance, some blood cells are withdrawn and 
incubated with radioactive chromium, which “tags” the red cells. 
This blood is then re-injected and samples withdrawn every few 
days and counted with the Geiger counter, until no radioactivity is 
observed. By this method, the life span turns out to be only about 
65 days. At least, by that time all the cells treated with chromium 
have perished. But even this would bea rather long life fora “dead” 
cell. There are great variations among different animals: the red 
cell of the duck lives only 10 days; the hibernating marmot’s red 
cell lives 110 days, but when the marmot becomes active, only 36 
days. 


Normal Variations in the Red Count 


In the human female the red count is approximately 10 per cent 
less than in the male. She need not feel badly about this, however, 
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counts of 7 or 8 million.* In 1914 the Englishman Barcroft studied 
the phenomenon and found that there were two components in 
the rise: an almost immediate one due to the contraction of the 


spleen and a slower, continued one, resulting from stimulation of 


the bone marrow by oxygen lack. 
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* Strangely enough, Hurtado, who has devoted a lifetime to 
natives, states that an occasional native can be found who show 
count at all, Such natives appear to be just as comfortable anc 
hard as those whose blood count is elevated, 
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on pans, give blood-curdling screams, etc. in the dark of the ni ht. Wh 
the point was reached where no native would come within a mile f he 
lace, Barcroft moved in with his equipment and some cats _ 
At first he placed metal clips around the edges of a cat’s spleen Wh 
it had recovered from the operation, X-ray photographs were inten 
which showed the normal outline of the spleen. Then the cat was oh 
‘ected to low barometric pressures—in other words, to a simulated high 
altitude—and another X-ray photograph was made. This showed the 
outline of the spleen to be smaller, showing that it had contracted. 
Other cats were exposed to dogs who growled and barked at them, 
frightening them; others were chased up and down the stairs; and in all 
cases their spleens also showed contraction. Later, Barcroft was able to 
exteriorize the spleen, that is, bring it to the surface where it could be 
directly observed; the results were the same. 


The second, continuous rise, following stimulation of the bone 
marrow, begins slowly and may take several months to achieve its 
peak. This is the more important, since it produces a greater rise 
in the blood count than that due to splenic contraction. As has 
been mentioned, increased production of red cells is the usual 
response of the bone marrow to anything which interferes with its 


supply of oxygen. 
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the same token, if the rate of formation is sufficiently depressed, 
the result will again be anemia. So we will consider the two gen- 
eral classes of anemia: (1) when the rate of destruction or loss js 
excessive and (2) when the rate of formation is deficient. 

Loss of blood by hemorrhage.—In considering the first class of 
anemia, the first cause that comes to mind is hemorrhage, bleeding 
in its most obvious form. Just how much blood a person can lose 
and survive has not been accurately determined, since people are 
loath to submit to such experimentation. In the dog, the volume, 
if lost rapidly as from an artery, is about one-third the total 
volume. It should be pointed out, however, that the dog’s death is 
not due to the loss of red cells, nor to the loss of any blood constit- 
uent, but simply to the effect which the loss of that volume of 
blood has on the blood pressure. This will be discussed later, but 
we can here follow the sequence of events following the loss of a 
smaller volume, say 10 per cent. 

Blood pressure falls as blood is lost, but compensating mecha- 
nisms, such as increased heart rate and constriction of blood ves- 
sels, soon brings the pressure back to normal. At that moment the 
red count is normal. However, almost immediately tissue fluid 
begins to migrate into the blood vessels to restore the volume, and 
within a few hours, the volume has been restored. The blood is 
now “thin,” i.e., the red count is low. For the restoration of the 
red cells months may be required. 

In recent years, many, many people have voluntarily submitted 
themselves to hemorrhage as donors who have contributed blood 
to “blood banks.” The amount usually taken is 500 cc., or about a 
pint, which for a smallish person would be 10 per cent of the total 
blood volume. It takes a person about seven weeks to replace the 
cells of that blood, although on a diet rich in protein and iron, the 
time can be reduced to five weeks. It is a universal rule of blood 
banks to require a three-month lapse between visits of regular 
donors. 

In regenerating hemoglobin, the bone marrow seems to have 
most of its trouble with globin. The porphyrin is easily synthe- 
sized and the iron stored in the liver is usually ample. A word 
might be said here about the absorption of iron taken in the diet. 
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In the case of sodium chloride, for instance, all that is ingested 
.; absorbed, and the excess is gotten rid of by way of the kidneys, 
This is not true of iron. A person might take a huge drink of iron 
tonic and only a very small fraction of the iron be absorbed, 
There is, in the cells of the small intestine, a sort of middle-man 
called apoferritin. This compound transfers the iron through the 
cells into the blood plasma but only to the extent that the plasma 
concentration of iron (always very low) has been reduced. There 
is a slight loss of iron from the body (about 1 mg. daily) and only 
this amount is absorbed. Thus, a dog bled over a period of time 
until his red cells had been reduced to half their normal number, 
in other words, a severely anemic dog, absorbed little iron from 
the intestines, although large amounts were fed, until his liver 
jron—and as a result the iron concentration of his plasma—had 
fallen considerably.* 

There are, of course, forms of hemorrhage other than from 
frank bleeding. For instance, a woman who menstruates excessive- 
ly, or a man who is continuously hemorrhaging through a gastric 
ulcer, may lose large amounts of blood. In all such cases, a liberal 
protein diet to supply the ingredients for globin synthesis, and 
iron to replace what is being lost, should be given. 

Hookworm as a cause of anemia.—Taking the world as a whole, 
perhaps the most frequent cause of anemia is a disease of which 
you have probably never heard, called “ankylostomiasis,” al- 
though it may be more familiar by its common name hookworm 
disease. This disease is widely prevalent in some of the most 
densely populated regions of the world: India, China, and the 
East Indies. Stoll states that one-quarter of the world’s population 
is infested. It was formerly widespread in the southern part of the 
United States; the “poor white trash” were trashy because they 
were sick. As will be shown, the disease is spread by careless disposal 
of the feces, and it is a sad commentary on the human race that 


* For several years a television program has been huckstering an iron preparation 
for “tired blood.” This sort of thing makes a physiologist want to scream and tear his 
hair. A “month's supply” costs something like $4.00; the iron in it costs a few cents at 
Most; and not one in a hundred viewers needs it anyhow. Those who do could get all 
the iron they need from the yolk of an egg. Cost—a nickel. 
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whereas the cat and dog at least go through the motions of covey. 
ing up their feces, man does not. 

The adult hookworm lives in the human intestine and there produces 
its eggs. The eggs are fertilized but cannot develop inside the body. 
They are excreted in the feces. If deposited on the ground, the excrement 
is scattered by animals and by rain until the soil in such a region is full 
of hookworm larvae. Anyone going barefooted is almost certain to ac- 
quire the disease, the larvae gaining entrance between the toes, where 
the skin is soft (point / in the diagram). At this time the larvae are micro. 
scopic in size and soon burrow their way into the blood capillaries, 

From the foot to the intestine—their ultimate goal—is quite a way, as 
the diagram shows, but most of them make it. They follow the capil- 
laries into veins which empty into the right atrium (point 2); from there 
they pass to the right ventricle and out through the pulmonary artery 
(3) to the lungs (4). All this time they have been growing, but also they 
have been passing into progressively larger blood vessels. On reaching 
the lungs the reverse is true; now they start going into smaller and 
smaller vessels. By now they are too large to pass through, so they wriggle 


\ 


ROUTE FOLLOWED BY HOOKWORM 


Blood and Other Vital Fluids 149 


their way out and into the air sacs of the lungs. They squirm up the 
pronchial tubes and into and up the trachea, until they have entered 
the mouth. Here they can be spit out; in fact, it is said that heavy tobacco- 
chewers are rarely heavily infested, because they expectorate so much. 
Most of the worms are, of course, swallowed, which is stage 5 in the 
diagram. Now in the digestive tract, they pass through the stomach (6) 
and fasten themselves to the wall of the intestine (7), where they com- 
plete their development and become adult hookworms, 


If you could look a hookworm in the mouth, you would note 
that he is well-equipped to burrow his way into the soft lining of 
the intestine. If the amount of blood which the hookworm gets 
were only enough for his own needs, he could be disregarded. 
But each hookworm acts as an open sewer, through which the 
blood flows. In addition to this, he has the unfortunate habit of 
moving often to still greener (or redder) pastures. He leaves be- 
hind an anti-coagulating substance, and blood continues to flow 
from the vacated position. Since an infestation with five hundred 
or more worms is not uncommon, it is easy to see how large vol- 
umes of blood are lost, and the person becomes decidedly anemic. 
Fortunately, the disease is easily treated. A good slug of carbon 
tetrachloride, the same chemical as is found in fire extinguishers, 
will rid the patient of 90 per cent of his worms and a second slug 
will take care of the rest. However, as noted above, proper disposal 
of feces is the only real method of control. 

Malaria—Another very common disease which is also responsi- 
ble for a great deal of anemia is malaria. Malaria occurs in the 
same regions where hookworm does, so many an unfortunate in- 
dividual may have both. In this case an infected mosquito of the 
anopheles group—easily recognized by the way it poises, with its 
little fanny elevated—bites the victim and deposits, along with the 
saliva which makes the bite itch, spores of a one-celled animal 
called Plasmodium. Each of the spores enters a red cell, where it 
multiplies, living off the contents. When it has completely eaten 
up the inside of the red cell, the membyané bursts, freeing many 
more spores, and the process is repeated. The symptoms of ma- 
laria~chills and a high fever—come on very suddenly, once every 
48 hours in the common form. This is because the time taken 
by spores to devour red cells is about the same throughout the 
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body, so that, suddenly, enormous numbers of red cells rupture 
and spill their evil content of malaria spores and waste materials 
into the blood stream. 

Quinine had long been known as a specific remedy against 
malaria. However, most quinine is raised in the East Indies, and 
after Pearl Harbor, our supply was cut off by the Japanese. Fortu- 
nately, a German research team, Mauss and Mietsche, had synthe- 
sized a compound known as atabrine, which in some respects is 
superior even to quinine. Many and many an American soldier's 
life was saved by atabrine during the war. 

Overactive spleen.—Normally a certain number of red cells are 
destroyed by the spleen, and an occasional case of anemia is due 
to the spleen’s overdoing this normal function. This is known as 
splenic anemia and is cured by removal of the spleen. It is re- 
markable that such a large, bloody organ as the spleen may be 
removed almost with impunity, whereas the removal of the two 
tiny, inconspicuous adrenal glands results in death. 


Anemias Due to Reduced Production 

Nutritional deficiency—Many anemias result from decreased 
red cell formation. First in this group stand the nutritional ane- 
mias. Any grave defect in nutrition—starvation itself, an insuffi- 
ciency of protein in the diet, or severe vitamin deficiency—is 
bound to cause some degree of anemia. The reason is obvious 
when the high degree of activity required of the bone marrow is 
considered. Remember that the bone marrow must turn out three 
million red cells every time the clock ticks. We have mentioned 
that the protein, globin, is difficult, at best, for the bone marrow 
to synthesize: this becomes almost impossible with an insufficiency 
of protein in the diet. While there is no vitamin specifically 
involved in red cell formation, if the vitamin deficiency is so 
great that the body as a whole suffers, then surely the bone mar- 
row will suffer first. 

As regards iron, the so-called ‘‘iron-deficiency anemias”’ are rare, 
except for such cases as have been mentioned, namely hemor- 
rhage, excessive menstruation, gastric ulcer, etc., where blood 
actually is being lost from the body. The human male loses about 
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| mg. of iron daily; the female, because of menstruation, about 
9 mg. Iron is widely distributed among foodstuffs, and any ordi- 
nary, good diet will easily supply such small amounts. It is not 
necessary tO buy iron tonics, California raisins, or Louisiana 
molasses, nor need the child be beaten who will not eat his spin- 
ach.* Then, too, it must be remembered that, no matter how 
much iron one eats, only the small amount which the body needs 
will be absorbed. However, there is one important food which 
contains no iron, and that is milk. Even so, the baby’s liver at 
pirth is so full of iron which it received from its mother’s blood, 
that the baby’s need is supplied for several months at least. Even 
among certain primitive tribes which inhabit America’s uplands 
(where, we are told, babies are not weaned until they reach the 
age of six or eight, at which time they begin to chew tobacco) 
there is no cause for alarm; they probably steal scraps from the 
dog and get their iron that way. One exception to the rule of 
baby animals storing iron in their livers is the guinea pig, whose 
liver contains no iron at birth. However, the baby guinea pig 
arrives fully equipped, hair, teeth, and everything, and, as soon as 
he has dried off, is scurrying about the cage, nibbling alfalfa and 
lettuce. 

For many years an argument raged as to whether any other 
element besides iron is required for the synthesis of hemoglobin. 
Some believed that copper was also necessary. The question was 
resolved by the following study. 

Two biochemists working at Colorado University's School of Medi- 
cine in the 1930’s—named Underhill and Orton, but they became Orton 
and Orton when Underhill married Orton—built an all-glass cage for 
rats, such that they could not come into contact with any metal what- 
ever. They rented a cow, which they learned to milk, but always milked 
the cow into glass, not metal, containers. The iron salts which they 


used, although labelled “chemically pure,” were subjected to repeated 
re-crystallizations to be absolutely certain that they were iron and noth- 


* How spinach acquired the reputation it has as a source of iron is hard to say except 
that anything so disagreeable in appearance must be good for something. All green- 
leafed vegetables contain iron; many contain more than spinach. Spinach contains 
calcium, but in the form of calcium oxalate, which is insoluble and can not be absorbed. 
Some of the free oxalic acid may even combine with the calcium in milk, rendering 
that insoluble, also. 
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ing else. They then placed a group of rats on this milk diet in the cage 
where the rats could not possibly chew on metal. Blood count, of course, 
fell. When an animal’s condition became critical, they added pure iron 
salts to its milk. But the red count continued to fall, and the animals 
began to die of anemia, When the experimenters added small amounts 


of copper to the milk along with the iron, the red count immediately 


began to rise and the animals recovered. 

This and other work proves that copper is necessary in addition to the 
iron. However, since hemoglobin contains no copper, it is thought that 
copper acts as a catalyst. Copper is also widely distributed among foods, 
and the amount required is no more than a trace, so there is no danger 
of anyone suffering from anemia because of a shortage of copper. 


Cobalt also appears to be involved in red cell formation; at least, 
feeding large amounts to experimental animals causes an increase 
in the red count, and cattle grazing on land deficient in cobalt 
become anemic. It is unlikely that human anemia is ever caused 
by a deficiency of cobalt as such, although cobalt in the form of 
vitamin By,» is essential, as we shall see later. 

Pernicious anemia.—Prior to the advent of liver therapy, this 
disease was invariably fatal. It was marked by muscular weakness 
and gastrointestinal disorders, the nervous system was frequently 
involved, and, what seemed an unrelated finding, there was an 
absence of hydrochloric acid from the stomach. Typically, the 
blood picture was marked by periods of remission. Unaccountably 
the red count would rise, only to fall again, with the general 
direction relentlessly downward,* In fact, there have been cases 
reported where the red count fell as low as 300,000 shortly before 


death. 


The introduction of liver therapy in the treatment of pernicious 
anemia marks a milestone on the road of medical progress. The man 


* This fluctuation is worthy of comment, since it will come up often in our consider- 
ations of what goes wrong with bodily functions. The phenomenon is familiar to 
medical people, but the patient does not know that. If, immediately before such a rally- 
ing point, he begins to doctor himself with some “miracle tonic,” or pledges his faith 
in one of the many “healing” groups in existence, and, behold, the laboratory reports 
suddenly show an improvement—well, for him this would constitute proof positive. 
Thus non-medical “science” cults were credited by many a victim of pernicious anemia 
whose blood count rose from, perhaps, two to two and a quarter million. But the rise 
was temporary and the poor soul was just as doomed to die as ever. The real tragedy, 
of course, is when such “cures” interfere with medical treatment during early, curable 
stages of many diseases. 
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mainly responsible was Dr. Whipple, of the University of California, 
who was not interested in pernicious anemia at all but was simply 
studying the effect of various types of food on hemoglobin regeneration. 
He bled a number of dogs until their hemoglobin was half the normal 
yolume. All were then put on a basal diet, consisting of bread and raw 
bones, a poor diet for hemoglobin regeneration. Then to various groups 
supplements were given: carrots to one, meat to another, etc. (Spinach, 
too, was fed, and one notes with satisfaction that no increase in the rate 
of hemoglobin regeneration occurred.) He found that, of all the supple- 
ments fed, liver exerted the most favorable influence. The dogs re- 
ceiving it regenerated hemoglobin at a rate thirty times that of the basal 
animals. 

Dr. Whipple reported this finding in 1927 and suggested that some- 
one give liver to pernicious anemia patients. Drs. Minot and Murphy, 
Harvard physicians, did and found that it worked miraculously. How- 
ever, since the liver had to be eaten almost raw, in time the patient would 
rather die of his pernicious anemia than attempt to swallow another 
mouthful of half-raw liver. Therefore, another important development 
was an extract prepared by Drs. Minot and Cohn that permitted the 
active material from a pound of liver to be taken in the form of a table- 
spoon of extract. 

A livesaving remedy had been found, but it was not a cure. Investiga- 
tions continued into the cause. That the stomach was somehow at fault 
was suspected when it was found that the gastric juice of the pernicious 
anemia patient contains no hydrochloric acid. Giving the patient large 
amounts of hydrochloric acid had no effect. Still, a stomach defective in 
one respect might be defective in another. 

Castle and Heath, working on the problem, fed a normal person meat 
and, after a short period, took the partially digested meat from his 
stomach and fed it to a patient with pernicious anemia. This had the 
effect of eventually bringing the patient's blood count to normal! 

It was known that certain foods, such as yeast and meat, contain an 
“anti-anemia” factor. Reduced to pure crystalline form, the substance 
is now known as vitamin By. The Castle-Heath study made it obvious 
that the stomach of the pernicious anemia patient fails to secrete “some- 
thing” that permits vitamin By» to be absorbed from food; the same 
vitamin-rich food, after a time in the normal stomach, can be utilized 
by the patient. 


Without as yet having a name for the “something,” we can now 
keep victims of the disease alive by either feeding large quantities 
of liver, which contains massive amounts of By», or by liver ex- 
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trates what a difference a single amino acid can make jn the 
composition of a protein. It is hereditary, and the gene that de. 
termines for it brings about a chemical alteration of the hemo. 
globin molecule. Normally one of the three hundred amino acids 
which go into the hemoglobin molecule is glutamic acid, but in 
the hemoglobin of sickle-cell anemia a molecule of valine is sub- 
stituted. So far as is known, this is the only difference between 
normal and sickle-cell hemoglobin, yet it makes all the difference 
in the world. 

Another interesting feature of sickle-cell anemia is that it occurs 
only in Negroes, making it one of the rare race-specific human 
ailments and of great interest to anthropologists. 


Polycythemia 


There is one disease in which the number of red cells exceeds 
the normal, polycythemia vera. Here the number of red cells is 
greatly in excess; counts as high as 10,000,000 per cu. mm. have 
been reported. Of course, with a count as high as this, the siz 
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between waking and sleeping, during absorption of food, etc. 
Probably a white count of 6,000 would not be considered ab- 
normally low, nor one of 9,000 abnormally high. 


Leucocytes 


About 65 per cent of all white cells are leucocytes. As stated, 
their protoplasm contains granules. Those leucocytes that stain 
with neutral dyes—as the majority do—are called neutrophils. 
About 1.5 per cent of the total stain with acid dyes and are called 
eosinophils. And a still smaller number, 0.5 per cent, have gran- 
ules that stain with basic dyes; these are called basophils. Strangely, 
the percentage of eosinophils increases greatly (eosinophilia) when 
parasites invade the body. Why the presence of tapeworms in the 
gut, or flukes in the liver, should stimulate the bone marrow to 
produce eosinophils, and what good is accomplished thereby, is 
quite unknown. 

One characteristic of leucocytes is the irregular, or lobed, ap- 
pearance of the nucleus, The number of lobes is thought to be an 
index to the cell’s age. Ordinarily, about 45 per cent of all leu- 
cocytes have a nucleus consisting of three lobes. As we stated, the 
hemocytoblast is capable of following several lines of development 
in the bone marrow. We have already traced the red cell’s origin 
there; the leucocyte is another possibility and it also goes through 
many intermediate stages before developing into a leucocyte. The 
life span is short, from four to twelve days. 


ENTER BACTERIA... 
..»LEUCOCYTES TO THE RESCUE! 
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The function of leucocytes is primarily that of protecting against 
infection. When the skin is pierced and the wound becomes in- 
fected, what happens is described below and illustrated in our 
sketch. Leucocytes from all over the body are attracted to the scene. 
Just what attracts them is not known—the process is called chemo- 
taxis—probably some by-product of bacterial metabolism. In any 
event, arriving at the wound, they leave the blood stream in a man- 
ner reminiscent of the ameba’s pseudopodial locomotion. ‘They 
push an extension of their protoplasm into a chink in the capillary 
wall and squeeze through. Thereupon they wage war on the 
invaders, engulfing the bacteria within their own protoplasm, 
a process called phagocytosis (literally “cell-eating”). If the in- 
fection is not too overwhelming, the victory usually goes to the 
leucocytes. 

A drop of pus from a wound, when stained and examined 
under the microscope, will show thousands of leucocytes, their 
bodies laden with bacteria. In internal bodily infections, such as 
appendicitis, there is always a high white count, up to 20,000 or 
95,000 per cu. mm.; in fact, this is one method used in diagnos- 
ing a hidden internal infection. The term leucocytosis is applied 
to this increase in the number of leucocytes produced by the bone 
marrow to combat such an infection. 

There is a disease called agranulocytosis in which the patient's 
leucocytes become very scarce and may almost disappear. (A bet- 
ter term used less frequently is leucopenia, since “penia” means 
deficiency, and the disease is a decrease of granulocytes, not an 
increase of agranulocytes.) It occurs as a reaction against certain 
drugs: occasionally aspirin, more often, sulfa drugs, and, most fre- 
quently of all, following the taking of aminopyrine. This drug is 
used in many proprietary cold cures and headache remedies. Sus- 
pecting that aminopyrine is frequently responsible, the Danish 
government forbade its use some years ago; the incidence of leuco- 
penia dropped markedly in that country. 

Obviously, with few leucocytes, the body is handicapped in its 
fight against infections to which everyone is daily exposed. Un- 
checked, bacteria invade the bloodstream, and, if not treated, the 
outcome is usually fatal. This happens also when destruction of 
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the bone marrow follows exposure to atomic radiation. White 
cells are then no longer produced; leucopenia results, and death 
usually occurs within a few days. 


Lymphocytes 

These cells, which comprise about 35 per cent of the white 
cells, have a nucleus which practically fills the cell. They are pro- 
duced in lymph nodes, which are scattered throughout the body; 
the tonsils are examples of lymph nodes. They are thought to live 
only a few hours after entering the blood stream. They are in- 
capable of movement and thus cannot pursue bacteria and have 
so little cytoplasm that phagocytosis is practically out of the ques- 
tion. In fact, those within the blood stream have no known func- 
tion. This is not true of those within the lymph nodes, which 
contribute greatly to the formation of antibodies. More will be 
said later about antibodies; here we will only note that bacteria 
which have been trapped in lymph nodes provoke the formation 
of them. This has been demonstrated by making an extract of 
lymphocytes obtained from lymph nodes of an animal previously 
injected with certain bacteria. This extract contained a high con- 
centration of antibodies, while a similar extract from a control, 
uninjected animal contained none. Unfortunately, if the infection 
is overwhelming, the lymph nodes themselves become infected. 
Thus in guinea pigs it has been possible to trace the route of 
tubercle bacilli from the intestines to the lungs, the route being 
marked by successively infected lymph nodes. 


The Leukemias 


Cancer of the blood may affect either the leucocyte-producing 
cells in the bone marrow (leucocytic leukemia) or of the lympho- 
cyte-producing cells in the lymph nodes (lymphocytic leukemia). 
In the first case, the leucocyte count may rise as high as 500,000 
per cu. mm.; in the second, the lymphocyte count may be as high 
as 200,000. This tremendous overproduction of white cells means 
that much of the food in the body is being used for that purpose, 
and considering that their life span is short, little is left for normal 
metabolism. This is one of the causes of death. Another is the 
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composition of the plasma is, roughly: 91 per cent water, 7 per 
cent proteins, and 2 per cent glucose (“blood sugar”), salts, amino 
acids, urea and other waste products, hormones, and antibodies, 

There are three kinds of plasma proteins, albumin (about 4.5 
per cent), globulin (about 2.3 per cent), and fibrinogen (about 0.2 
per cent). All three contribute to the viscosity of the blood and 
to the osmotic pressure effect about to be described; fibrinogen 
has an additional specific function in relation to blood coagulation, 


Formation of Tissue Fluid 


Usually, the terms tissue fluid and lymph are used synonymous- 
ly, although, strictly speaking, “tissue fluid” is the fluid found in 
spaces between the tissues, while “lymph” is the fluid within the 
lymphatic system. Both, however, have the same composition, 
except that the lymph, in its passage through the lymphatic 
system has lymphocytes added to it. 

In passing through a capillary, the blood is under pressure. 
This pressure is the hydrostatic pressure; it is the same kind of 
pressure which forces water to flow out of a faucet. In the arteries 
this pressure is high, about 120 mm. of mercury, which means 
that if the blood were forced to push against a column of mercury, 
it would raise it to a height of 120 mm. However, by the time the 
blood has reached the capillaries, most of this pressure has been 
lost, and here it is only about 30 mm. Hg. The tissue fluid also 
exerts some hydrostatic pressure in the opposite direction. The 
elastic skin tends to squeeze inward against the tissues; this pres- 
sure is about 10 mm. So far, then, we have an effective hydrostatic 
pressure, tending to force fluid out of the capillaries into the tissue 
spaces, of 30 minus 10, or 20 mm. Opposed to this force is the 
osmotic pressure exerted by the plasma proteins. They cannot 
escape through the capillary wall. In every other respect the com- 
position of the plasma is identical to that of tissue fluid. 


The absolute osmotic pressure that the proteins exert is very little, 
only about 25 mm. Hg of the total of 1,500 mm. or so, but it is here that 
the relatively greater osmotic pressure on the blood side of the capillary 
makes itself felt. Tissue fluid also contains some protein, but less than 
the plasma; the osmotic pressure exerted by the plasma proteins is 
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about 25 mm., while that of the tissue fluid proteins is about 15 mm. It 
must be remembered that this force is acting oppositely to the hydro- 
static pressure./The plasma is hypertonic to the tissue fluid by 10 mm.; 
this force therefore tends to draw fluid into the capillary from the tissue 
fluid. We can now construct a balance sheet and illustrate it with a draw- 
ing. There are 80 mm. hydrostatic pressure in plasma, 10 mm. in tissue 
fluid, giving an outward pressure of 20 mm. There are 25 mm, osmotic 
pressure in plasma, 15 mm. osmotic pressure in tissue fluid, giving a net 
of 10 mm. inward, giving finally an overall net of 10 mm. Hg outward. 


Edema 

The condition of edema shows what happens when the capillary 
balance is disturbed. Edema means the accumulation of excess 
tissue fluid; it may accumulate in the wrists or ankles, where it 
tends to flow by gravity (dropsy), or in the abdominal or pleural 
cavities. There are two main kinds of edema; renal and cardiac. 
In renal edema the kidneys are diseased, and protein passes into 
the urine—an abnormal condition. 


Assume that enough protein were lost in this manner to re- 
duce the amount in the plasma by 20 per cent. The osmotic 
pressure of the plasma would now be 20 mm. instead of 25, The 
hydrostatic pressure would not be affected, so we have: 
30 — 10 = 20 mm. (outward) 
20—15= 5mm. (inward) 
Total pressure = 15 mm. (outward) 


The pressure under which tissue fluid is now being forced 
out of the capillaries is now 50 per cent above the normal, al- 
though the assumed change in protein concentration was 
only 20 per cent. 
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So increasing the hydrostatic pressure by only one-third has 
doubled the pressure that is forcing tissue fluid out of the capil- 
laries. It is to be expected that with twice as much tissue fluid 
being formed as would normally be the case, its drainage into the 
lymphatics would be inadequate and its accumulation inevitable. 

It should be pointed out that this method of two opposing 
forces working against each other is pretty much the rule in the 
body. We will soon see how the vagus slows down, while the 
sympathetics speed up, the heart; muscles work in the same fash- 
ion, the extensors must relax while the flexors contract, and vice 
versa. The above examples are instructive in showing, arithmeti- 
cally, how sensitive such an arrangement can be. 


The Lymphatic System 


Normally, the tissue fluid is constantly being drained away by 
the lymphatic system. This is a sort of secondary circulation. The 
lymphatics, which are extremely thin-walled vessels, extend their 
tiniest ramifications into all the tissues of the body. These tiny 
lymph capillaries have many open spaces, into which the tissue 
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functions will be touched on again in later pages. 


pLOOD TYPES AND TRANSFUSIONS 


It must have occurred to many people, many times, even before 
automobile accidents became commonplace, that the thing to do 
fora victim of an accident who had lost a good deal of blood was 
to take blood from some other source and “transfuse” him with it. 
It did, in fact, occur to the early Greeks to use animal blood (the 
fact that bovine plasma is today being studied as a human plasma 
substitute shows that the circle has been completed.) The method 
fell into disuse, however, during the Middle Ages when people 
got the idea, as they did in Jenner’s day about vaccination, that 
one would probably wind up mooing like a calf or even growing 
horns if animal blood were used. Later on, it occurred to some 
hardy pioneers to use human blood. After all, why should not a 
young, strong, healthy bystander give up a little blood for the 
poor, bleeding victim? This was tried repeatedly; many times It 
worked, but sometimes the recipient of the donated blood =, 
ite when the transfusion was given. It Liecaoy scans 
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What happens is that red cells stick together (agglutinate). Some. 
times they stick so firmly and in such large masses that capillaries 
throughout the body become plugged up and death is nearly 
instantaneous. More usually, having been stuck, they become un. 
stuck, but in becoming unstuck, their membranes are ruptured 
and hemoglobin is spilled into the blood stream (hemolysis). The 
kidneys attempt to excrete the hemoglobin; their tubules become 
clogged with it; and the individual may die of kidney failure. In 
fact, about one-half of all transfusions where incompatible blood 


is used result fatally. 
It remained for a New Yorker, Landsteiner, to show how human 


bloods differ and to classify people into groups, or types, accord- 
ing to what kind of blood they possess. He won a Nobel prize 
for this work early in the century. 


You are now asked to call on your imaginations for a moment. Imag- 
ine that red cells are coated with one or the other or both of two kinds 
of glue. Let us call one kind of glue “A” and the other kind “B.” There 
would then be four kinds of people: those with no glue; those with A 
glue; those with B glue; and those with both types, or AB glue. 

Now imagine that the glue is a dry material, so that ordinarily— 
luckily—the cells do not stick together; this only happens when there 
is also present a certain activator, or wetting agent. Let’s say that there 
are two such wetting agents—“‘a” which makes A glue wet; and “b” 


which makes B wet. 
(The real term for the glue is agglutinogen; for the wetting agent, 


agglutinin.) 

Now it should be clear that a person with A glue could not possibly 
have the “a” kind of wetting agent in his plasma, because the “a” wetting 
agent would wet his A glue, all the cells in his body would stick together, 
and he would certainly die. But he could have the “b” wetting agent in 
his plasma; it could do him no harm, since it is for the B glue. But sup- 
pose he received a transfusion of blood carrying the B glue. The “b” 
wetting agent in his own plasma would come into contact with the B- 
covered cells from the donor, cause them to stick together, and a reaction 


such as described above would certainly occur. 
This, then, is what Landsteiner found: 
Type O (47% of all people) have no glue on their red cells, but 
have both “a” and “b” wetting agents in their plasma. 
Type A (41%) have A glue; “b” wetting agent. 
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Type B (9%) have B glue; “a” wetting agent. 
Type AB (3%) have A and B glues, but no wetting agent. 


Coming now to the question of actual transfusions, if one mixes, 
on a glass slide, a drop of blood from a type O person with a drop 
of blood from a type A person, the type A cells will be aggluti- 
nated by the small “‘a” in the O plasma. However, in actual trans- 
fusions this does not usually occur. The reason is that the donor’s 
blood is greatly diluted. Say the victim has lost a liter of blood, 
which is quite a lot, but he still has 5 liters left. Say he is given 
a transfusion of 500 cc., or half a liter. That means that the donor's 
blood is mixed with ten times as much recipient’s blood, or that 
the donor's blood is diluted ten fold. With such a degree of dilu- 
tion the “wetting agents” in the donor’s plasma are unable to act. 
This is not true of the recipient’s plasma; however, it was diluted 
with only one-tenth of the donor’s blood. The recipient's wetting 
agents are therefore fully capable of acting. So, as is shown in the 
chart given below, what one has to look out for is: Are there 
wetting agents in the recipient’s blood which will react with glue 
on the donor’s red cells? This chart indicates whether or not ag- 
glutination will occur, 1.e., whether or not such combinations are 
compatible. 


NN ——————————————————————————————————_ 


RECIPIENT 


Donor Type O Type A Type B Type AB 

(Red cells O; | (Red cells A; (Red cells B; | (Red cells AB; 
plasma ab) plasma b) plasma a) plasma O) 
TypeO. ese No Aggn No Aggn No Aggn 
TYPGA: sctasay ey No Agen Agen No Aggn 
TYPE Bissinziwes Agen No Aggn No Aggn 
Type AB........ Aggn Agen No Aggn 


It will be noted that blood from a type O person can be used 
for any type of recipient; type O is therefore called the universal 
donor. It will also be seen that type AB can receive blood from 
any type of donor; type AB is therefore called the universal recipient. 
However, a word of caution is in order. Sometimes a type O 
donor will have such a high concentration of wetting agents in 
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his plasma that, in spite of the dilution factor, his blood may stij] 
be dangerous, If time permits, it is always best to actually test 
the donor's blood against the recipient's, “cross-matching” as jt 
is called. 

During the war, the use of “pooled plasma” became widespread, 
This does not require typing, because, as was just said, the donor's 
plasma can be disregarded; in a “pool” of plasma, the high con. 
centration of wetting agents in one donor's blood will be averaged 
out against low concentrations in others. In preparing this plasma, 
the red cells are first separated and either used for other purposes 
or discarded. The plasma is dried under a high vacuum and at 
low temperatures, bottled (it does not require refrigeration), and 
dissolved in sterile water as used. A discovery has recently been 
made which argues strongly against the use of pooled plasma. A 
disease, known as serum hepatitis, has been found to be trans- 
missible by transfusion with infected plasma. It is a virus disease, 
and if one of the contributors to the pool has this virus in his 
blood, it will, of course, become mixed with all the other bloods 
in the pool, and those who receive transfusions from the pool 
may acquire the disease. (This is the reason blood banks usually 
will not accept blood from a donor with a recent history of 
jaundice, which is one of the outstanding symptoms of hepatitis.) 
Freezing does not kill the virus, and, at the moment, hematologists 
are stumped and don’t know quite what to do. It has been re- 
ported that if the plasma is kept warm the virus will die out, but 
this has not been proved. For this reason, much research on plas- 
ma substitutes is in progress. Ordinary salt solution will not do, 
since it does not stay in the blood vessels long. What is needed 
is something that will have the properties of the plasma proteins, 
which do stay in the blood, and which will exert their osmotic 
pressure. Dextran, a kind of starch, has been tried, as has a com- 
pound called PVP (polyvinyl pyrrolidin), Of them all, glycerol 
pectate appears to be the most promising. Whole blood includ- 
ing the cells can be stored for a period of from two to three weeks. 
It is interesting, in view of what was said in connection with the 
life of the red cell, that the addition of glucose prolongs the time 
considerably, indicating that the red cell is still metabolizing food. 
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The question of the superiority of whole blood over plasma is 
worth raising. Certainly, if the victim has actually lost much 
plood, he should receive whole blood. Transfusions are also fre- 
quently given in traumatic shock where little or no blood has 
been lost. Here a good case can be made for the use of plasma 
rather than whole blood. However, we have the word of the US. 
Navy for it that, under any circumstances, if whole blood can be 
obtained, it should be used. 


Blood-typing 

It is easy to determine to which type a person belongs. ‘There 
are available, either in powder or liquid form, preparations which 
contain high concentration of the wetting agents “a” and “b.” 
(The preparations are called “anti-A” and “anti-B,” respectively.) 
To each of two drops of blood from the person being tested, a 
small amount of such preparations are added, “a” to one drop and 
“bh” to the other. If both samples show agglutination he obviously 
belongs to AB and if neither drop shows agglutination, he be- 
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longs to O. If the drop to which wetting agent “a” was added 
agglutinates, he belongs to A, if the one to which wetting age 
a> 2 5 5 “Nt 
“b" was added agglutinates, he belongs to B. 


Heredity of Blood Types 


Blood types are hereditary, the presence of A or B being domi- 
nant as against their absence, O, but they are equidominant to- 


(TYPE A) 


(TYPE 0) 


INHERITANCE OF BLOOD TYPE 
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ward each other. A person may belong to A and be either AA 
(homozygous dominant) or AO (hybrid) and still belong to type A, 
$o the offspring of parents both belonging to type A might belong 
to either A or O. If a person belonging to type A mates with a 
type B, the offspring may belong to any of the four groups. It is 
to be noted that if gene A should meet gene B, such an individual 
would belong to AB, since A and B are equally dominant. 

Blood-typing is sometimes requested in cases of questioned pa- 
ternity. Although the Supreme Court has held that one need not 
acquiesce to having a blood sample taken, the man so accused 
js usually advised by his counsel to go through with the test. The 
most it could indicate is that he might be the father; never that he 
positively is. And he may be cleared if actually innocent. For 
example, if the mother is type O and the baby is type A, and 
the man turns out to be type O, he could not be held responsible 
for the child. 


Antigen-Antibody Reactions 


In addition to the blood types, there is another factor in the 
blood—the Rh factor—which sometimes causes trouble in blood 
transfusions. This is an example, although a minor one, of a 
much more general type of reaction that takes place in the body, 
to which a few remarks must first be devoted. 

If a foreign protein, that is, one not normally present in the 
body, is introduced, either by injection under the skin, into the 
blood, or in any way except by mouth, it acts as an antigen. That 
is, it stimulates cells, of which fibroblasts and lymph nodes are the 
most important, to secrete counteracting substances, which are 
called antibodies. These antibodies persist in the blood stream 
for long periods of time and if, subsequently, the same antigen 
is encountered, they react with it (the antigen-antibody reaction) 
to render it harmless. It is upon this reaction that the whole scl- 
ence of immunology is based. 

Let us take, for example, the case of immunization against typhoid 
fever, A culture of typhoid fever bacilli is grown in the laboratory and 


is then killed, either by heat or chemicals, This culture of dead typhoid 
bacilli is now injected beneath a person’s skin. This is the antigen; it 1s a 
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foreign protein, since no protein of this sort has ever been present in 
the body before. 

Fibroblasts and lymphocytes within the lymph nodes now go to work 
manufacturing counteracting antibodies against this particular protein 
(sketch # in the sequence). The antibodies persist for years (in army ex- 
perience, six years) and if living typhoid bacilli should now enter the 
body they are attacked and destroyed by the antibodies. Such a person 
is said to have been “immunized” against typhoid fever. 

Let us now see what the nature of the reaction between antigen and 
antibody is. If a culture of typhoid fever bacilli is suspended in a salt 
solution and a few drops of the immunized person’s blood plasma Is 
added, the typhoid bacilli clump together. This is called an agglutina- 
tion reaction. In the body, the same thing occurs. For one thing, this 
makes it earlier for leucocytes to seize huge mouthfuls of bacteria in one 
gulp, rather than having to run them down individually; and better 
even than that, after the bacilli have been clumped, their membranes 
are weakened so that they dissolve and perish. 


Although this is a 
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hoid a they have, for instance, in the case of smallpox, 
vaccination against smallpox, another antigen-antibody reaction 
is, of COUTSE, tie Diigatest j wel in the crown of preventive medi- 
cine. Few people ~~ realize what a terrible scourge smallpox 
was before Jenner's day. Nearly everyone had it, and 25 per cent 
of all deaths were due to it. Jenner, whose work was done in the 
jate 1700's, seemed to be merely testing a superstition, namely the 
pelief that dairymen and dairymaids rarely suffered from small- 
x. He learned that there was more to it than that. To be pro- 
tected, the dairyman must have had a scratch or cut on his hand, 
and then have milked a cow with a diseased teat or udder, so 
that the scratch became infected. We know now that such a per- 
son had merely vaccinated himself; that the cow was suffering 
from a virus disease called cowpox, and when this virus was 
introduced into the human body, it stimulated the formation of 
antibodies against smallpox. Jenner obtained matter from such 
adiseased cow and scratched it into the arm of eight-year-old Jim- 
mie Phipps, who had never had smallpox; he then tried, in every 
way possible, to give him the disease. The boy did not acquire 
the disease; he was “immune.” Vaccination was slow qe : 
tart. The English clergy objected on the grounds that Gad a 
Put smallpox into the world as a punishment for man arnt = 
Medical profession objected because it cut deeply ound eal 4 ear 
ss; and the laity objected because they Se ee ets = should 
te into cows. Perhaps Napoleon's chief claim 
at he had his entire army vaccinated. 
ogy Ne of the most recent developments * ‘ ‘ 
'S the use of toxoids. In certain diseases, SUC 
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tetanus, the bacteria remain localized, but do their harm by the 
secretion of very active poisons called toxins, A toxoid is actually 
such a toxin which, by chemical treatment, has lost its ability to 
do harm, but which still retains its antigenic properties, that is, 
its ability to stimulate antibody formation. Toxin-antitoxin treat- 
ment, and now, toxoid immunization, has practically wiped out 
diphtheria. In the case of tetanus, it has eliminated one of war’s 
major hazards. The case of tetanus is interesting. The tetanus 
bacillus lives in the intestine of horses, where it does the horse 
no harm, since its toxins are not absorbed, and is eliminated from 
the horse in the feces. This means that the soil in rural commu- 
nities is full of tetanus spores, yet tetanus is a rare disease. Appar- 
ently, it takes a certain type of wound. Aside from battle injuries, 
stepping on a rusty nail in the barnyard might do it. In former 
years the tetanus incidence curve hit its high point following the 
Fourth of July. Since any child could provide himself with gun- 
powder and combine it imaginatively with scrap iron and rocks, 
many celebrations ended in deep, dirty wounds, with soil and bits 
of clothing blown in; these are typical war wounds, the kind in 
which the tetanus bacillus thrives. 


Rh Factor 


Although everything was known about the regular blood 
groups, O, A, B, and AB, an occasional transfusion still resulted 
disastrously for the recipient. Even though, in a given case, it was 
known with certainty that blood of the proper type had been 
used, reactions still occurred. Gradually, two facts emerged. It 
almost always happened when the recipient had a history of hav- 
ing had previous transfusions. (This came to light during the war; 
in civilian medicine a man does not often have two blood trans- 
fusions, say six months apart; in the army it frequently happened 
that a man would be wounded, have a transfusion, recover, be 
sent back to the front, be wounded again and have another trans- 
fusion.) The other fact was that it frequently happened to women 
who were given a transfusion after the birth of a child. Land- 


steiner, the same Landsteiner, now directed his attention to the 
problem. 
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It seems that the monkey Macacus rhesus—it is from the “rhesus” 
that this factor gets its name—has red cells which, when injected 
into a rabbit, cause the rabbit to produce a substance which ag- 
glutinates monkey red cells. That is, if blood plasma from a 
rabbit so injected is added to a suspension of monkey red cells, 
they clump together. This is a straightforward antigen-antibody 
reaction. In testing human bloods in the same way, that is, by 
adding such injected rabbit plasma to a suspension of them, 
Landsteiner found that about 85 per cent agglutinated, the other 
15 per cent did not. The term Rh-positive is applied to the first 
group, since their cells behave as did the monkeys; Rh-negative 
denotes the second group. And now comes the important fact. 
To the Rh-negative person, Rh-positive blood is a foreign pro- 
tein and acts as an antigen; the Rh-negative person produces anti- 
bodies against it which cause the Rh-positive red cells to aggluti- 
nate, and, following agglutination, to hemolyze. It will be noted 
how closely this resembles immunization against typhoid fever, 
which is the reason typhoid was chosen as an example, except 
that in the case of typhoid the reaction is a beneficial one, whereas 
here it does harm. 

There are three ways in which this reaction works adversely: 


1. An Rh-negative man has previously, say six months before, been 
given a transfusion with Rh-positive blood. Nothing happened at the 
time; however, the Rh-positive cells acted as an antigen and he has now 
built up antibodies, agglutinins, against them. He is now given another 
transfusion of Rh-positive blood. The red cells in the Rh-positive blood 
are agglutinated and hemolyzed. 

2, An Rh-negative woman marries an Rh-positive man and conceives 
an Rh-positive baby. (The inheritance of this factor is discussed below). 
Earlier in this book it was said that the fetal and maternal bloods do not 
mix, but the point was left open as to whether fetal red cells or frag- 
ments of them might not, sometimes, get into the mother’s circulation. 
Undoubtedly, in some cases, that does happen. Keeping in mind the fact 
that to an Rh-negative person Rh-positive cells are antigenic, these cells 
cause the mother to produce antibodies against them. Probably there 
Will not be enough, from the first baby, to do harm, but if she has a 
second child, or a third, the concentration of antibodies will build up to 
@ high level. Should she now be given a transfusion with Rh-positive 
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blood, th . 
ow -ells can pass from fetal blood into maternal blood, certain, 
3, If red ce # are thought to be protein in nature, should be abl nly 
when ection, from maternal to fetal blood. Anq the C to 
tere babys the concentration may be too low to do e ba 
uf by succeeding baby the concentration rises, The antibodie 
a eevee stered the fetal blood (we are assuming all the time tha th 
which a soaltive) cause the baby’s red cells to agglutinate and hone 
aia rh i nindition in the baby is called erythroblastosis fetalis, so called 
coma baby’s bone marrow, to compensate for the anemia, permits 
erythroblasts—primitive, nucleated red oe enter the blood. Such a 
baby may die in the uterus, OT, if born, will be very anemic and jaun, 
diced. Its life can be saved with transfusions of Rh-negative blood. Some. 
times “exchange transfusions” are given, in which a volume of blood 
perhaps twice as great as the baby’s, is slowly introduced, the baby's pane 
blood being removed at the same time. This method results in remoya] 
of 85 to 90% of the baby’s sensitized red cells. Rh-negative blood js 
usually employed, although some say that it is better to use Rh-positive 
blood, that the red cells will be removed so rapidly that they will not 
have time to be agglutinated and hemolyzed. The advantage of using 
Rh positive blood is thought to be that the antibodies tend to become 


“fixed” to these cells and are therefore removed with the cells. 


antibodies, 
yass in the 
Again, for 


There is a theoretical possibility of an Rh-positive person suf- 
fering a reaction when transfused with Rh-negative blood, if the 
donor himself had previously been transfused with Rh-positive 
blood and had produced antibodies against it. However, the dilu- 
tion factor previously mentioned enters in, and it is rare indeed 
for such a reaction to occur. 

The Rh factor is hereditary, Rh-positive being dominant and 
Rh-negative being recessive. All children resulting from a mating 
where the father is Rh-positive and the mother Rh-negative (the 
dangerous mating) need not be Rh-positive, since the father may 
ue hybrid; however, if he is homozygous dominant, all would be. 
oo "ths poets what percentage of men are homozygous dominant 
that the Wiclileny —. re a oe of thls, it aT ‘e 
One can esinctne ° erythroblastosis is not much higher than 1» 

: € that it should be between 5 and 10 per cent 
of all live births, actually the inci i in 3,000 live 
births. This perha y the incidence is only ] in 9, - 

PS means that only occasionally is the batt 
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fetal and maternal blood imperfect in that it permits 
peiwee wells 10 penetrate. Just the same, it is highly advisable 
etal © people contemplating marriage to have their bloods 
(ot an if it happens that she is Rh-negative and he is Rh- 
ste ey will at least know what the situation is and may 
ae fact that they will be limited to having only one child. 
face | 
Disease 
nt years pediatricians have become increasingly con- 
ease which, in its advanced forms, closely resembles 
* throblastosis, although apparently the Rh factor has nothing 
é go with it. The disease occurs among type A and type B 
sain whose mothers belong to type O. By far the greater 
abil of such babies are perfectly normal, but approximately 
r per cent show clinical symptoms, the most common symptom 
being a severe jaundice which appears as early as the first or sec- 
ond day of life. This is the “sinister” explanation of the severe 
cases of infantile jaundice, mentioned earlier. The anemia is usu- 
ally mild, much milder than in Rh factor erythroblastosis. The 
cause is, as yet, quite unknown, although some believe that type 
A (or B) red cells, or fragments of them, get from the fetal blood 
into the mothers, stimulating the formation of antibodies differ- 
ent from the “a” or “b” wetting agents (agglutinins) normally 
present in her blood. These “immune” antibodies, as they are 
called, get back into the fetal blood and cause hemolysis of the 
fetal red cells. Others believe that the concentration of glue (agglu- 
tinogens) on the fetal red cells is abnormally high (usually, at 
birth, the concentration is only one-fifth of what it will later be- 
come) and that the cells react to the normal “a” present in the 
mother's blood, which has crossed the placenta into the fetus. 
ries Ae disease does not require transfusions, although some- 
me te high level of bilirubin in the blood may cause brain 
wo tet), If kernicterus threatens, exchange trans- 
Rh type given; the blood used should be type O and of the same 
yey baby s blood. _ 
NYPes, Th € two kinds of bilirubin, the direct and the indirect 
ey are so called because of their reaction in a certain kind 
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kernicterus. Recently it has been reported that the aie fon 
can be converted into harmless, direct kind by infecting t king 
cal substance called glucuronic acid directly into the blox ‘ Chem), 
report is yerified, it will eliminate the necessity for may, a. IE thi, 
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BLOOD COAGULATION 

With the appearance of the respiratory pigments, such as h 

' : em« 
globin, the blood becomes a very valuable fluid, and Various t : 
of clotting mechanisms have evolved to prevent its loss, Pere 
the simplest is that of Daphnia, a crustacean known as a “ia 
flea,” in whose blood are found the “explosive cells of Hardy,” 
When the animal is injured and blood escapes, these cells literally 
explode, sending out streamers of protoplasm in all directions to 
form a sort of web, which prevents further blood loss. In man, the 
clotting mechanism is extremely complex. In fact there have been 
more theories suggested to explain it than for any other bodily 
function, not excluding color vision. It is probable that not all fac- 
tors are known even yet, because, although clotting can be pro- 
duced by using pure preparations of the substances listed below, a 
considerable increase in rate can be achieved by simply adding 
blood plasma, as if there were still something in the blood plasma 
that had not yet been identified. 

In essence, blood clotting consists of the formation of a sub- 
stance called fibrin. Fibrin is formed in long, interlacing threads, 
in the meshes of which the cellular elements of the blood are 
trapped; this is the clot. So the first point to consider is where the 
fibrin comes from. It is generally agreed that fibrinogen, one of the 
proteins of the plasma, is converted from the sol (fibrinogen) phase 
to the gel (fibrin) phase by the action of an enzyme called thrombin. 
Thrombin, as such, is obviously not present in the blood, oF else tt 
would clot within the blood vessels. There is, however, 4 substanc® 
in the blood called prothrombin. (Prothrombin, as well as fibrin® 
gen, is produced in the liver). ters 

Most of the argument concerning blood coagulation = 
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conversion of prothrombin int 

abe - "y simple as possible, we will say ao Gh — ae ping 
hing through the action of th eel oe 
sig Se ONO de tos chiad anit romboplastin. While it 
cuts elsewhere in the body, its chief source is the blood platelets, 
These are ny cells which Temao whole when present in their 
“ rmal environment, which is the circulatory system, but rupture 
‘~ dily when exposed to any other environment. Even an abnor- 
mality on the inner surface of a blood vessel, such as might be pro- 
guced by injury or disease, will cause them to rupture. When they 
rupture, thromboplastin is liberated, which converts prothrombin 
to thrombin. 

Thromboplastin is also present in most tissue cells. Thus when 
a finger is cut three substances are needed to make the blood clot: 
(1) Thromboplastin is released by the damaged epithelial cells, and 
it initiates the clotting process. (2) There is a substance in blood 
plasma called plasma accelerator, which, while not initiating the 
clotting process, does tend to speed it up. (3) And finally, for the 
conversion of prothrombin into thrombin, calcium is required. 
This can be shown by adding sodium oxalate or citrate to blood; 
this precipitates the calcium and such blood will not clot. It is un- 
likely, however, that a deficiency in calcium is ever sufficient to 
interfere with the clotting process in the body. Even the parathy- 
roidectomized dog whose calcium has fallen from the normal 10 
mg/100 cc to 5 mg. has blood which clots normally. 


The coagulation of blood can be expressed in the form of a 


couple of equations: 

(1) Thromboplastin + Prothrombin + Calcium — Thrombin 
(This reaction is hastened by plasma accelerator factor.) 

(2) Thrombin + Fibrinogen — Fibrin 


The words “plasma” and “‘serum’”’ are often used interchange 
is the liquid portion of the 


ably, but they should not be. Plasma 1 
blood, obtained by centrifuging whole blood. To obtain serum, 
ie blood is allowed to clot, and the fluid expressed from the clot 
is the serum. All of the elements that go into the formation of the 
Clot are, therefore, present in plasma but absent in serum. 


a “MINOGd and 
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Failure To Coagulate: Hemophilia Fluid, 
The hemophiliac’s blood might fail to clot because ’ 
° a oO 
of his platelets to rupture. At one time this was th ough © fail, 
t to b € 


mally tough platelet membrane, because he tthe 
en 


to an abnor 
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in an agitator they failed to rupture as normal platele 
ever, it was found that if hemophiliac platelets were : do, ts 
in salt solution and then shaken, they were just as fra ra Washe 
from normal blood. It appeared then that there 8 those 
about the hemophiliac plasma that prevented rupture of ri in 
lets. It is now believed that normal blood contains a fa ner Plate. 
the “anti-hemophiliac factor” (AHF) which promotes rup; Called 
platelets and that this factor is lacking from hemophiliag ts of 
As a matter of fact a substance called “anti-hemophiliac alstiots a 
(AHG), prepared from the blood of cattle and pigs, is now bel 
used in the treatment of hemophilia. However, both are unfortu. 
nately antigenic, that is, they promote the formation of antibodies 
which neutralize them; this happens after 12 to 14 days. They dis. 
play the specificity of antigens previously noted; antibodies against 
one will not act against the other, so one can switch from one to 
the other. They are useful in preparing the patient for surgery, 
where much blood may be lost and clotting is essential. 


Pulmonary Embolism 
From what was said about the short life span of platelets (four 


days), it must be clear that they are constantly undergoing destruc: 
tion in the blood and one wonders why this does not set up the 
clotting process within the blood vessels. ‘The answer is that nor- 


mal blood always contains small amounts of anti-thrombin called 
lung tissue, for 


heparin. Heparin is widely distributed in the body; 
instance, contains a great deal, as does the brain. There is ample 
heparin present to counteract the thromboplastin liberated from 
ordinary day-by-day platelet disintegration. There are, however 
conditions in which this mechanism does not function adequately 
and intravascular coagulation, i.e., clotting within the blood ve 
sels, occurs. 1 
Pulmonary embolism is one of these conditions. It frequen 
follows surgery done in the abdomen; hysterectomy pena 
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the uterus) is a good example. The patient has undergone her 
operation; everything is going along fine; there is no infection and 
the wound is healing nicely. Suddenly, some bright morning, she 
screams, turns blue, clutches her chest, and expires. This is dis- 
couraging, especially to the patient, but also to the surgeon, who 
felt that he had done a good job. Since the symptoms seemed to in- 
volve the chest we will look there for the cause, and sure enough, 
we find a large clot lodged in one of the pulmonary blood vessels. 
The clot is movable, however, suggesting that it did not form there 
but was carried there from elsewhere. (A clot at the site of its 
formation is called a “thrombus.” If a piece breaks off and is car- 
tied somewhere else, it is called an “embolus.” This, of course, is 
an embolus.) So we look for the thrombus and frequently find it 
in the abdominal region, say at the juncture of the internal and 
external iliac veins, as shown in the sketch. 

We then face the question, What caused this c 
why did it form where it did? If we had taken daily platelet counts 
on this patient we would have found that, following the operation, 
a pata count rose for days and then, shortly before - a 
ie sharply. This means that the blood was loa - 
eae i oplastin, much more than the heparin present = hn 

- At the junction of two such veins as the external ane 1n 
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gee several reasons why paeaied aaa ae 8 Not en, 
countered nearly so frequently as formerly. Une 1s the use of , 
drug called dicumarol, an antl 

The story behind dicumarol is interesting. During the winter of 192], 
a new disease among cattle was reported in Canada and north-centra] 
United States, in which a cow might merely scratch herself on a barbed 
wire fence and bleed to death. The faulty clotting was described by 
Schofield, and after quite a bit of study, he found that it was related to 
the fact that the cattle had been eating moldy sweet clover hay. It became 
known as “sweet clover disease.” Link and Campbell, at the University 
of Wisconsin, carried on and from moldy hay were able to extract the 
substance dicumarol. 

About ten years later, the therapeutic value of dicumarol was sug- 
gested, and tests on human patients, mainly at Wisconsin and at the 
Mayo Clinic, proved its worth. Dicumarol acts on the liver, inhibiting 
the formation of prothrombin, so that within a few days, the blood fails 
to clot. The routine use of dicumarol and heparin following such op- 
erations as hysterectomy has reduced the incidence of pulmonary em- 
bolism almost to zero. 


-coagulant. 


Another reason for the reduced incidence is that surgeons are 
ae getting their patients out of bed and on their feet much 
earlier than they formerly did. This came about during the wat 
when hospitals were so crowded that patients frequently crawled 
‘pg koe — from their previous occupants. It was surpris: 
that doctors tad how mpry the patients improved and —— 
than necessary, ipsa ee their P SHER in bed much a 
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we can NOW summarize, in greater detail, the functions of th 
e 


plod 
jt carries oxygen from the lungs to the tissues. Little has been said 
- foregoing pages concerning this function. It will, however, get th 
in treatment under Respiration, along with the second point. . 
u i carries carbon dioxide from the tissues back to the lungs 


: jt transports foods, such as glucose, fats, and the amino acids, from 
* intestine and from the liver to the tissues. , 


ne : 
al It transports waste products from tissues and liver to the kidneys 


of excretion. 

5, By transporting water to the kidneys and to the sweat glands of the 
skin, it helps to maintain the water balance of the body. 
6, By transporting salts to the kidneys for excretion, it helps to main- 
tain the osmotic pressure of the blood and, consequently, of the tissues. 

7, It transports heat from the interior of the body to the surface, from 

which it may escape, and thereby contributes to maintaining the body 
temperature. 

8. By means of its “buffer” systems, it helps to maintain a constant pH. 
This function requires a word of explanation. If one places a 
certain amount of acetic acid in water, the solution will have a 
pH well on the acid side, let us say the pH is 4. If, however, one 
first dissolves a salt of acetic acid, such as sodium acetate, in the 
water and then adds the same amount of acid as before, the pH 
will not indicate nearly as high a degree of acidity. It may now 
be 6. The sodium acetate is called a buffer because it has pre- 
vented such a radical shift in the pH. In the body, the main acid 
dealt with is carbonic acid, formed from carbon dioxide and 
water. The blood contains a salt of this acid, namely sodium bi- 
carbonate (along with other systems) which act, as did the 
sodium acetate, to prevent extreme shifts in the pH. 


9. It transports hormones from the endocrine glands to all parts of 
the body. 

10. It provides a site where antigen-antibody reactions may occur. 

ll, By means of leucocytes, it combats infection and disease. 

12. It prevents its own loss by means of the clotting mechanism. 


CHAPTER 9 


THE CIRCULATORY SYSTEM 


None of the functions of the blood outlined in the last chapter 
could be carried out if the blood were stationary. It must circulate, 
It is a little like a railroad. The blood with its assorted contents 
could be likened to boxcars; the blood vessels are the tracks: the 
locomotive power that drives the boxcars is supplied by the heart. 
All parts are essential, but since the cars would not move without 
power and the tracks would serve no purpose, we introduce the 
circulatory system with the heart itself. 

The heart beats between two and four billion times during a 
man’s life, moving from 200,000 to 400,000 tons of blood. The 
heart never rests. Day and night, awake or asleep, the heart is at 
work, pumping blood through the body at a normal pulse averag- 
ing 72 beats per minute. 


THE ANATOMY OF THE HEART 


The first drawing of this chapter gives us a peek into the design 
of the heart. It is seen as a four-chambered pump with two halves 
that are completely separated by a wall, or septum. When the 
heart beats, the two upper chambers (atria) contract first, forcing 
the blood into the lower chambers (ventricles). Then the ventricles 
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THE HEART 


contract, sending the blood out of the heart—to the body from the 
left ventricle, to the lungs from the right ventricle. 

A simplified drawing of the entire circulatory system is shown 
7” page 214, but our heart drawing will be sufficient at this 
i we iri how the circulating blood passes through the 
"Ribs ich is the beginning and the endpoint of the cycle, or, 

_ prefer, at the crux of a “figure 8.” 

a from the body as a whole enters the heart through the 
tom Aye cava (from the trunk) and the superior vena oe 
end sae It enters the right atrium, gocs through the 
Valve an Ms ve and into the right ventricle, through the palit 
gen Suppl = the pulmonary artery to the lungs. There its 
he vein, - refreshed, and it returns to the heart po eal 
and emake the left atrium, it passes through - ne 
e left ventricle, through the aortic valve and ot 
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the body over the great trunk called the aorta, Having coursed 
arts of the body, exchanging oxygen for carbon dioxide 
all P : , 

ead to the heart again, thus completing the cycle,* 
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NATURE OF THE HEART BEAT 

The fact that the heart, completely removed fro the bod 
will go on beating for a time shows that its beat is “automatic” 
i.e., does not require nerve impulses. In this respect, it differs 
from skeletal muscle, which only contracts in response to Nerve 
impulses. The heart, it is true, does receive nerve impulses, both 
over the vagus nerve and the sympathetics; these control its rate, 
but nevertheless, with all nerves cut, the heart continues to beat, 
In fact, even a severed fragment of heart muscle pulsates. We 
will have to ask presently if this is a case of spontaneous activity or 
if it is in response to a stimulus. 

The beat is rhythmic; it is not jerky; the ventricles relax fully 
before the next contraction. This is explained by a special prop- 
erty of cardiac muscle tissue. If one stimulates skeletal muscle 
with electric shocks that fall closer and closer together, one finds 
that the muscle will contract further and further, without relax- 
ing from the previous stimulation. If the stimuli fall so close to- 
gether as to be practically continuous, the skeletal muscle will go 
into tetany, that is, will remain powerfully and continuously con- 
tracted. However, if one takes a record even of such tetanic mus- 
cle, one sees that the line drawn is not perfectly smooth but has 
little sawtooth jiggles in it. Each of these jogs represent a tiny 
fraction of time during which the muscle was not contracting- 
in fact, was relaxing—in spite of the fact that the stimulus was com 
tinuous. This period of time during which muscle is not respons!v¢ 
to a stimulus is called the refractory period. In skeletal muscle, 
it is very short. It is characteristic of heart muscle to have long 
refractory period. Heart muscle, when stimulated, contracts, but 
will not respond again to that stimulus (though it may Tes? 


F ; nk Jes I. 
ve ine circulation was first figured out by Sir William Harvey, physician to Cl, 
rele On the Motion of the Heart and Blood in Animals (1628) is a aan 
pr i crn read by every student of physiology. The pulmonary ie in 1553, 
by Servetus, ood through the lungs—was actually described some time ¢aF 
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sone! one until it has relaxed. This rest 
sas heart filling with blood, in preparation for the next b 
by sg heart forced to beat rapidly, say by stimulating its 5 evi 
pve “eer? supply, maintains a perfectly rhythmic beat: eH 
inetle “ts come closer together, there is always that tele ee 


the between. 
eriod 
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she conducting System . - 

The beat is coordinated. By this is meant that the events of the 
peat follow each other in regular sequence: first the atria contract; 
‘hen there is a slight pause; then the ventricles contract. Contrac- - 
tion of the ventricles is not, however, from above downward, as / 
it would be if the influence which caused contraction passed di- \ 
rectly from atria to ventricles, but the reverse, from below upward.4 
This is as it should be, since the outlets from the ventricles are at | 
the upper, rather than the lower, ends. Considerable effort would 
be wasted if the blood were squeezed toward the lower end. The 
explanation of this coordination of the heart beat lies in the ex- 
istence of certain specialized tissues in the heart called, collective- 
ly, the conducting system. 

When there is a job of work to be done, it is customary, even 
ina democracy, to appoint a leader or boss-man, someone to call 
the heave-ho’s. So there is in the heart a bit of specialized tissue, 
called the sinoatrial node (S-A node), which plays the role of 
leader. Each beat is originated by it; it sets the pace and is often 
called the pace-maker. Several methods of investigation led to 
its discovery. In the primitive heart there is first of all, as the dia- 
gram shows, a chamber called the sinus venosus into which the 
blood empties. It is the first part of the heart to contract, fol- 
lowed by the atrium and then the ventricle. During the course 
of evolution this sinus has become almost, but not quite, lost. 
a a of tissue remains, buried in the “SS en no 
ith “i ince it was the first part of the oe “gh est 

Cat, it coe rising that be med Haat, see a ae So far this 
, ee the activity which leads to the beat. a = te 

rian fsa but it can be proved. One of the comm - ented 

protoplasm is that activity of any sort is accomp 


S-A NODE 


SINUS 
VENOSUS 


\ ATRIUM 


VENTRICLE 


PURKINJE FIBERS 


AORTA 


PRIMITIVE REMNANTS IN THE HUMAN HEART 


by the development of a negative electrical charge. When a muscle 
contracts, it becomes negatively charged; when_a gland secretes, it 
does likewise. When a nerve fiber conducts a nerve impulse, that 
impulse is also accompanied by a negative charge. So, to deter- 
mine which part of the heart first becomes active, all that is 
necessary is to find which part of the heart first develops a nega- 
tive electrical charge. This is done by exploring the surface of the 
heart with a lead from a galvanometer, a device which registers 
the presence and kind—i.e., whether positive or negative—of an 
electrical charge. When this is done, it is found that the first 
point on the heart to register this charge (the charge being the 
index to activity) is the S-A node. 

From the S-A node, a wave of negative electricity passes 
formly over the surface of the atria, and as it does so, they contract 
Actually, since the S-A node is located in the right atrium, the 
right gets a very slight lead over the left. Arriving at the junction 
between atria and ventricles, the wave of electricity does not move 
across. It is collected, as it were, in the next part of the conducting 
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ihe Circulatory System 
,, the atrioventricular_node (A-V node 
ee |utionary remnant, being derived from the I 
a ins of the primitive heart. It is interesting haan Part of 
thing happens [0 the stil node, the A-V node iiber roe 
memakiNg responsibilities, although at a slower a ver the 
P prom the A-V node, the impulse descends in th 
of the bundle S ea samnales have it, too), descending just below 
he epithelial lining of the intraventricular septum. 

This Purkinje tissue is a sort of cross between muscle and nerve 
issue. It resembles muscle somewhat but has a much higher rate 
of conduction. Reaching the tip of the heart on either side of 
the septum, the impulse is conveyed, by arborizations of the 
purkinje fibers to the muscle fibers of the ventricles, and the 
ventricles contract. So, in summary, the coordination of the heart 
beat is accomplished as follows: Activation of the S-A node; spread . 
through atria and their contraction; concentration in A-V node; 
conduction through the bundle of His; transmission through Pur- 
kinje fibers to the ventricular muscle; ventricular contraction. 

What initiates the heart beat?—We might here attempt to 
answer the question. What 7s it that acts as a stimulus to the S-A 
node and thereby initiates the heart beat? It must be admitted that 
at present the question cannot be definitely answered, but studies 
on the perfused heart have indicated some of the factors which are 
necessary for the heart to be able to beat at all. 

The importance of potassium ions and calcium ions is unques- 
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tioned. Too much potassium, will cause the heart to weaken and 
relax until it stops in the relaxed state. Calcium has the opposite 
effect; too much of it stimulates contraction, the period of relaxa- 
tion shortens, and the heart stops in the ‘contracted state.So a 
Proper balance between the two ions is essential and it may not be 
‘00 far out of line to say that such a balance represents the cana 

ne could assume that the proper balance of ions is a continuous 
‘tmulation, the intermittent response of the S-A node being . 
Pi oa something like the refractory pane Set neta 
ce pr believed that the weakly eee oh higher doses 
ra S the stimulus. However, in view O eutically (€.g- T 

loactive substances now being used therap 
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e Purkinje fibers 
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hilay, 


dioactive phosphorus in leukemia; radioactive iodine 
disease), all. without effect on the heart, this theory bits ‘hes 
doned. All that can be said is that if the heart beat doe, tener 
“spontaneous activity,” it is a situation unique in the body, 


The Electrocardiogram 


The fact that studies of the conducting system of the hear led 
the development of the electrocardiogram should be appreciated 
by those who like to see practical application of theoretical know} 
edge. All the various electrical disturbances that have been de. 
scribed (negative charge in the S-A node; transmission through the 
bundle of His, and finally the ventricular contraction)—all {hey 
disturbances are transmitted. through the tissues of the body to jt, 
surface. The blood, the tissue fluid, and the cells themselves aye 
good conductors of electric current because of their high salt con. 
tent. With an appropriate instrument, these electric disturbances 
can be recorded and photographed. Such a record is called an 
electrocardiogram (“ECG”), 


The device used—an electrocardiograph—is essentially a refined type 
of string galvanometer, In essence, it works like this: The “string,” which 
is really a very fine thread coated with silver, is suspended between the 
poles of an electromagnet. Pick-up leads are attached, say, to the right 
wrist and left ankle of the patient. The electric current originating in 
the heart is picked up and transmitted to the string, In accordance with 
the rules of physics governing these things, a flow of current in one di- 
rection causes the string to move toward the positive pole of the magnet; 
a flow in the opposite direction causes it to move toward the negative 
pole. The movements of the string are photographed on a film, which 
is later developed. Apparatus is now available which the record is directly 
written on the paper. Let us examine a normal ECG—the topmost of the 
“typical patterns” on the accompanying sketch. 

The deflections of the line from the base level are given the ws! 
designations, P, Q, R, S, and T; the parts of the line between the be 
are called “intervals.” The P wave is produced by the activauion va a 
S-A node, The P-Q interval represents the time that the auricles ‘i 
contracting. The Q wave and the ascent of the R wave immec™ he 
precede ventricular contraction. They are, therefore, coincident “a tc 0 
discharge from the A-V node and transmission through the bune 
His. The rest of the QRS complex and most of the S-T interva ‘ 
the ventricle is contracting. The T wave, concerning which § 
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NORMAL 


ATRIAL FLUTTER 


1:2 HEART BLOCK 


TYPICAL ECG PATTERNS : “ 


much is known, comes at the beginning of ventricular relaxation. It may 
besaid, concerning the T wave, that any abnormality, such as its absence, 
spiking, inversion, etc., is a bad sign and usually indicates some serious 
pathology of the heart. 


Although we cannot become cardiologists in one easy lesson, it 
might be interesting to study the two abnormal ECG’s shown. The 
defects of the heart that produce such patterns are described on 


Pages 208 and 209. 


The Cardiac Cc 
ycle 
about the heart 


We can now summarize all that has been said 
oing we can en 


beat, With the aid of a couple of drawings, and in sod savage 
Poae , omy; 

a Upon our earlier description of the heart s sea a 8 valves 

°W teady to consider the sequence in which the 


0 
Perate and the sounds they make. 


At s activated. 
the start of the cardiac cycle, 


the S-A node become 
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PULMONARY VALVE PULMONARY ARTeRy 
\ AORTA 


SUPERIOR VENA CAVA 
PULMONARY VEINS 


uy 


AORTIC VALVE 


TRICUSPID VALVE 
INFERIOR VENA CAVA 


DIASTOLE SYSTOLE 


(RELAXATION) (CONTRACTION) 


The atria then contract, a contraction that lasts about a tenth of a 
second. The center of stimulation then moves to the A-V node and 
the impulse is transmitted through the bundle of His. This takes 
only a fraction of a second and then the ventricles contract, a phase 
called the systole, shown in the right-hand drawing. The ventricles 
relax then—the diastole, shown in the left-hand drawing. All ac- 
tivity in the heart now ceases and it rests, filling with blood, until 
the next cycle starts. 

/ Let us trace another cycle, this time concentrating on the valve 
action. The four cardiac valves control the traffic of blood in the 
heart by keeping it from reversing its course, from flowing back 
into the heart from the aorta or pulmonary artery, from backing 
up into the atria. At the beginning of the systole, the mitral and 
tricuspid valves—often called together the atrioventricular, or A-V, 
valves—close. This gives rise to the first heart sound. When the ven- 
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pulmonary artery, bein 


jes relax, the pressure in the aorta and 
fi 
pulmonar 

Y valves. This 


ine eatel forces shut the aortic and 
ee the second heart sound. 

oe heart sounds are said to resemble the syllabl 
ago? The first 1s somewhat dull because it eli 
a gounds—the closing of the A-V valves plus the c 
“a ventricles, which takes about 0.3 sec. The sec 
more of 2 sharp snap. / 


“lubb” and 
Y consists of 
ontraction of 
ond sound is 


iHe HEART AS A PUMP 


If you went into a pianp store and inquired about a pump, the 
clerk, after satisfying himself as to your financial solvenc 
would ask, What capacity do you want, that is, how many ble 
feet of water do you want this pump to move per minute? 

Having figured the size of the reservoir you want to fill, or 
the flooded basement you want to empty, you say, Well, the 
pump I need should have a capacity of 10 cu. ft. per minute. 
So he shows you a pump the cylinder of which will hold 10 cu. 
ft., the piston making a complete round trip once per minute. 
You object to this particular model and he shows you a smaller 
one. The cylinder of this one will hold only 1 cu. ft., but the 
engine is faster and the piston makes 10 round trips per minute. 
Either pump will give you the desired output, 1 x 10 is 10 and 
10 x 1 is 10. In short, the capacity of a pump is the product of 
the volume of the cylinder times the number of strokes per 
minute. 


mp, the volume expelled 
hat expelled by the left. 
g must be true. 


The heart is a pump, but a double pu 
by the right ventricle being the same as t 
Over any considerable period of time, the foregoin 


. ° “cc ” i.e. 
When exercise is suddenly undertaken, the ‘‘venous return, , 


the blood returned to the heart through the veins, is suddenly 1n- 
tricle does put out more 


creased. For a few beats the right ven 4 
blood than the left, but soon the additional blood has = 
through the lungs and is entering the left ventricle. From then on, 
oth put out the same amount. 
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The Cardiac Output | 
noted that this term refers to the output of the lef, 


ventricle only, and that the total output is twice as much, The 
ison that the output of the left ventricle is considered so impor. 
n this special name is that it supplies the entire 
body (except the lungs) with blood. Brain, muscle, the heart itself, 
don it for their blood supply/ Another reason is that it does 
f work than does the right, and, conse. 
It may seem contradictory to say 
work than the right, just after say- 


ing that both, over a period of time, put out the same amount of 
blood, but the work that the ventricles do depends not only on the 
volume of blood, but upon the pressure against which they must 
beat, and that pressure is about six times as great in the aorta as in 
the pulmonary artery—about 80 mm. in the first and only about 15 
mm, in the second. Much more will be said on the subject of these 
repeat the definition+teardiac output refers to 
d which the left ventricle forces into the aorta 


It must be 


rei 
tant that it 1s give 


depen 
a much greater amount O 
s more likely to fail. 


quently, is 
that the left ventricle does more 


pressures later. To 
the volume of bloo 


per minute of time. / 
Various means are used to determine the cardiac output; the 


one most commonly used is based on the Fick Principle. In this 
method, three things must be determined: the subject’s oxygen 
consumption over a fixed period of time; the concentration of oxy- 
gen in the arterial blood; and the concentration of oxygen in the 


mixed venous blood. 


If, for instance, the oxygen consumption were 250 cc. per min- 
ute, the oxygen concentration of arterial blood were 20 cc. 
oxygen per 100 cc. blood, and the oxygen concentration of 
venous blood were 15 cc. oxygen per 100 cc. blood, that would 
mean that every 100 cc. blood left 5 cc. oxygen behind in the 
ea Than every liter of blood would leave behind 50 cc. 
os liter = 1,000 cc.) and to supply the 250 cc. oxygen 
It is pe er would require 20/50 cc. or $ liters of blood. 
being su ie Fy octnaeery used 250 tons of coal a day, was 

tons of bs ed by trains of 10 cars each. Each car carrie 
back carryi out to the factory, unloaded five tons and came 
rying 15 tons, This is not recommended as the way ‘° 
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THE FICK PRINCIPLE 
APPLIED TO A FACTORY’S COAL suppLy 


run a railroad, but if it cost no more to run a full train than an 
empty one and if the factory had no way of storing coal, it 
would not be such a bad idea. Then, if the factory needed more 
coal, each car could unload a larger amount. 

This is the way it is in the body. It is no more work for the 
heart to move blood containing oxygen than to move deoxy- 
genated blood, and since the body has no other means of storing 
extra oxygen, the blood carries it around, unloading it as 
needed. 


In making the determination, the oxygen consumption is easily 
measured; the patient breathes into a tank containing oxygen, 
which is equipped with a device to absorb the carbon dioxide. 
Determining the concentration of oxygen in blood is also not 
difficult; for this a so-called “Van Slyke apparatus” is used. Arterial 
blood is obtained from any small artery since the concentration of 
oxygen in the blood of all arteries is the same. This blood has been 
to the lungs and has been oxygenated and is now being distributed 
to all parts of the body over the arterial system. Since no oxygen 
leaves the blood while it is in the arteries the oxygen content of all 
‘lerial blood is the same. 

h is is not true of venous blood, however, and it is in Lar 
oe of mixed venous blood that the difficulty promo 
arises. The blood entering a vein from active tissue, 


* Skeletal muscle, will have given up much oxygen en fatty 


little: i 
®; blood from an inactive tissue, such as the skin or the 
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tissue, will have given up little and retained much, In short 
ation in different veins varies and it wl 
( 
actical to get samples from all and attemp; : 
lace to get mixed venous blood js that oO 


oxygen concent? 


course, be impr 


average them. So the place Place 
in the body where It ts mixed, namely, the right ventricle of th 
¢ 


heart. In order to do this, a catheter (a thin-walled rubber tithe 
is inserted into the basilar vein of the forearm and pushed cians 
through the subclavian vein and into the heart.* It is this dip, 
culty in obtaining mixed venous blood that militates against wide. 
spread use of this method. 

Other methods have been tried. In one—the ballistocardiograph 
—a bed, suspended by very sensitive springs, is used. The recoil of 
each beat of the heart causes movements of the bed, which are re. 
corded. By using complicated mathematical formulae, the cardiac 
output can be calculated; it must be admitted, however, that the 


results are not always very accurate. 


Nervous Control of Heart Rate 

As was true of the pump purchased a few pages back, cardiac 
output is the product of two factors: heart rate (the number of 
beats per minute) and stroke-volume (the volume expelled per 
beat: 

Rate X< Stroke-volume — Cardiac output. 

We will first consider the factors that affect the rate. Since the 
chief among these are the cardiac nerves—the vagus and the sympa: 
thetics—we will have to digress briefly to learn something about 
these nerves. 

A preview of the autonomic nervous system.—There are two 
main divisions of the nervous system, the somatic, which controls 
the activity of skeletal muscles, and the autonomic, which controls 
the activity of involuntary muscles, the heart and the glands. It is 
with the autonomic division that we now deal. This division con 
sists of two subdivisions, the parasympathetic and the sympathetic. 


These differ anatomically and functionally. 
Ris, interesting that the man who first worked out this method, Forssmant ! “ 
~ nearly thirty years before receiving the Nobel prize for it. He did the wot 

29 and received the prize in 1956. 
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wee other fibers of certain crani 

ce any later; it is only the tenth cran 

. jgcusse ns us here. It departs from the 

al coe enedulla) and race oben i 
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the central Nervous 
al nerves. These wil] 
ial Nerve, the Vagus, 
lower region of the 
tis a large nerye and 
to the heart; we will 


eave the spinal cord 
e region—the region of the twelve thoracic and the 
on 
onl 
from 


e lumbar spinal nerves, However, they extend to all 
upper oa body. The heart receives three sympathetic cen 
t ~ . y . . e 
rts of each side, but, being pretty mixed up by this time, t y 
punks ‘i referred to as sympathetics to the heart. os 
are simp. y lly, too, the parasympathetics and sympat Lied 
Janeen “a it can be said that they act oppoaitery, t or 
: : i i Ms to $ 
Asa genera ing both will respond in opposite directio rhe! 
organ recely a the other type. Thus the heart in ie) toate 
ion by one 0 ‘ S mpathetic stimulatl 
: a decre athetic stimula 
simulation ah vessels in general respond to tutte by dilating, 
increase; blood ting, to parasympathetic stimulati 
: constric ’ 
tion by these 
s organs, 
~ rrying nerve impulses to the ha pr i system 
Although ca pa 3 such nerve impulses. flex arc consists of 
nerves do ot form of reflex ares. Each able of being stim: 
; in t ip is ca 
functions 1n fiber, whose tip : inal cord, 
ts: a sensory . in the brain or sp 
three elemen ion either in ther organ 
connectio or some oO 
ulated, a sgt which passes to a a ¢ ction of these nerves 
er . ing the a 
and a motor n studying 
+> se. So, 1 ith reflexes. 
initiates a respon deal w 
- aii the heart rate, we must 
in regu 


the 
‘ is undertaken, 
—When exercise heart beating at 
i ex. : ea 
The ships 2 ah is increased. iplesh and tends 
blood-return to the d qui 


This 

: remove e heart. 

its resting rate, the blood 7 fa aie great ve ar th 
‘ 4 ia an 3 H 

to pile up in the atria Js. Buried 1 

stretches the walls of these brent 

herve endings which are tae ne 

Impulses are carried rw the cardiac center. gulating the hear 

; e ith re 
Medulla of the ae are concerned with 
“use all its nerve ce 
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rate, Arriving there, two things can ssa. plea nerve impulses 
to bring about the desired increase 1 heart vale and relieve the 
accumulation of blood in the atria and the great veins, (1) The 
impulses may be transmitted to the portion . the center where 
the sympathetics originate, be sent down the sympathetics, and 50 
accelerate the heart. Or (2) they may be applied to inhibit thar 
center from which impulses are constantly being 


portion of the 
r the vagus slow the 


sent out over the vagus. Since impulses ove 
heart rate, inhibition of this region will accelerate the rate. In the 
accompanying sketch, the Bainbridge reflex is being accomplished 
by a combination of these two means of control. 

The heart rate is normally controlled by a balance between im. 
pulses reaching it over the vagus and over the sympathetics. It is 
a preponderance of one kind of impulse over the other that pro- 
duces an effect. Thus, inhibition of the vagus center produces a 


SENSORY FIBERS 


— 


VASODILATOR 
CENTER 


VASOCONSTRICTOR 
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SYMPATHETICS 
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nce of sympathetic impulses, and thus speeds 
0 token, inhibition of » MP the 
pseP° the same n of the sympathetic cente 
eat oduce 2 preponderance of vagal impulses and thus slc r 
your’ | heart. It seems that in the human most of the eff “= 
gown py inhibition of the vagal center although there ae 
ee of stimulation of the sympathetic region as well. ay be 
$0 4 aortic reflex.—The arch of the aorta is equipped much as is 
right atrium, with sensory nerve endings in its walls which 
‘, the cardiac center. One of the factors which contrib- 
«toa high blood pressure is the output of the heart. If this is 
; factors remaining constant, the blood pressure will be 
high; if the output is reduced, the blood pressure falls. We must 
assume that with a normal blood pressure the sensory nerve end- 
ings in the aorta are stimulated at a constant fixed rate. 

When the blood pressure rises excessively, the intensity of stimu- 
lation is increased. The cardiac center increases its nervous output 
over the vagus, the heart slows down, its output falls, and there 
sa reduction in the blood pressure. 

Conversely, if the blood pressure falls—as it does following hem- 
othage, for example—the intensity of stimulation is decreased, the 
cardiac center sends fewer than the normal number of impulses 
out over the vagus, and the heart rate increases. The rapid heart 
rate following hemorrhage—frequently the tip-off that an internal 
hemorrhage has occurred—is due to the operation of this mech- 
anism. 

It is well known that intense emotion produces changes in the 
normal rhythm of the heart. One may literally be so scared that 
the heart stops, or almost; with passing of the fright, one becomes 
Pe that his heart is racing. Here the stimulus to wd na 
(vide hemi from a region higher in the brain, the Lian ss i 
etter ¢ will be presented later that emotional hace arden 
Center an rel region.) From it, impulses descend to en 

rom the center are relayed, either by way OF Ut” 6 


Or th 5 F * 
© sympathetics, and the heart rate 1s altered accordingly. 


large, othe 


1} 

The e things 
‘Othe on emotions, according to song and story, do all manner of strang 

Mill” (py One hears such songs as “I only looked at you - : - M 


e 
face that stopped a thousand hearts, OF clocks. 


1 
lling thi S The Cireulotg, § 
ident may object to ~ et sha reflex, but it Vite, 
= d that for the emotion to De experienceg Somer." be te 
me happened that ff, SenROSY MOTVes TOME Dave boas tin 8 My 
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al Control of Heart Rate | | 
vo chief chemical substances involved " os 

are thyroxin and adrenalin. Adrenalin is @ hormone © day 
rate h adrenal medulla. Its real name is 
ti reduce to “adrenalin” by common usage) is the trad... 
par used preparation, but since “adrenalin” i 
mii ge ichane " am this text. We will be runn 
frequently, so that its action will now be described, g 
in the emergency situation illustrated. 


Chemic 
The tv 


Ing into it 
te Operates 


Imagine a furry little animal feeding peacefully in g bri 
drenched meadow. Suddenly, from the brush, emerges this enormous 
ferocious wolf, It is clear that only by an all-out effort can the little ani. 
mal escape. Its intense fright registers in its hypothalamus, Which stim. 
lates the sympathetic nervous system to great activity. Certain fibers of 
the sympathetics reach the adrenal medulla, stimulate it, and its secre. 
tion, adrenalin, floods the blood stream. Let us briefly list the Actions 
of adrenalin: 

1, It increases the rate and strength of the heart beat, thus increasing 
the amount of blood circulating through the body, which, in the present 
emergency, is bound to be helpful. 

2. It causes a rise in blood pressure. This means that increased blood 
supply is delivered to the muscles under a high head of pressure. Also 
the increased pressure insures a generous flow of blood to the brain. 

3. It causes the liberation of much glucose from the liver, where it i 


stored. Glucose is the fuel which the animal’s muscles must burn in his 
effort to escape. 


It causes the s 


: | 
: pleen to contract and thereby increases both the ye 
volume of circulating blood and the red count as well, enabling * 


5 more oxygen to the muscles. sin does 
on Serpe the bronchioles, making breathing easier. Adren “4 

nally stimulate respiration: ter, this 1s 
excessive producti Piration; as we shall see later, 


7 ake } 
€asier to duction of carbon dioxide. But adrenalin re Jungs: 
‘cae Set the larger volumes of air needed into and out of t 
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segpat li 

Student; j : nt pitty? 4 

that. As a Physiolo > Its been Many a year since my own heart went P ¢, and 
0 


us. 
i A halame", e 
how much be oe T answer simply that sex centers lie in the ian primitl 
i tes. é : x ce rs 

x Mstincts, I would 4 love, affection, etc., is simply a veneer ly ig 


want to say, 
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ils of the e i 
eapes the PUPP? © yes. It is concei 
jt at run into the jungle or down a fain ae that the little 


mig P . . ’ wher . 
i ation of the pupil permits more light to enter ieee was 


the hair to stand on end. Each hair is equ; 
1 called the erector pylii, contraction of i with a 
goal nis @ives the animal a more ferocious appearance bet the 
it rikelY) in the case under discussion, that this ao ace it 
a wolf it would, at least, make it more difficult for the all inbae 
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the blood to clot more rapidly so that, j 
he isn’t so likely to bleed to death, Meat GS ule tee 


“yp causes 
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happenings, as you will have ote . Sy, 
of survival. This is expresseq ‘ : ing 
a le 


All of these 
imal’s chanet lologist Wal 

ed to the physio ogi alter B. Can 
Theory, eral nction of adrenalin in the body ic Non. jy : Mey 
states that apis an emergency. to better : ne 
an Span things happen, of course, when the stip, ) 
ti amie) It may look as though the body Wanted Sar 
‘out » sure and had developed the adrenal mecl . 
ee nervous system. The actual “why” of 
shout that adrenalin duplicates the action of the 
ous system—will be discussed later. It is again 
, onic origin. 
gprs the second of the chemicals involved, h 
emergency function. It is being secreted continually 
stantly present in the blood. It is only in thyroid dis 
effect on the heart rate is shown. When the thyroid 
the heart rate is increased; when underactive the heart is slcsees 
It is believed that thyroxin, which is a general stimulant to the 
metabolism of foods, acts on the heart as a whole, Not only on 
the S-A node. 
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The Stroke Volume 


The second factor affecting cardiac output is the stroke volume, 
that is, the amount of blood which the left ventricle ejects per 
beat. Within limits, the stroke volume depends upon the “venous 
return.” The normal heart is capable of a considerable degree of 
enlargement; when the venous return is increased—as it is in exer- 
cise—the chambers of the heart are able, up to a point, to accom 
modate the additional blood. The walls of the right atrium and the 
great Veins are thin and stretch readily, so that the Bainbridge 
Teflex 's evoked and the heart rate is increased. 

i ieeeehinsee venous return in exercise is brought abet oT 
§ manner: (1) When muscles contract, they exert a 


ing effect on the blood vessels which they contain. pa 
Contraction, blood js 


‘ ‘ ot e 
Squeezed back ; Squeezed out into the veins—it seu - 
ack i i su 
high-ang we ae the arteries because the arterial i ntl 
€ach relaxation the blood vessels of t 


The Circulatory System 2 
01 


& becomes deeper 
aX expands, blood 
working together 
€ greatly increased, 


‘ wi a few beat 
ke bigger “bites” of blood. Thus acter a 
ol- 


a with plood. (2) In exercise, breathin 
y jill’! o within the thorax; when the thor 
peat! nto” the heart. These two factors, 

“al it of venous blood returned to b 


KC 
vel 
ll e qmoul . : 
ide of the heart, and within 


fit red and ta 
. iq creased: 
the stroke volume permanently. ~The extent ¢ 

0 


ne nasil ‘ 

ner "o enlargement of the heart is possible depends, first of all 
which gixe of the heart. It would naturally be greater ina - 
shan ina small woman. In the second place, it depends on 
nan vious training to which the heart has been subjected. We 
the iv two new words to our physiological vocabulary " this 
ction: Dilatation simply means the stretching of the walls of 
ntricles by greater than usual amounts of blood. Hypertrophy 
ea actual enlargement, ie., the thickening of the muscle walls 
due t0 increased thickening of the individual fibers of cardiac 
e, It is a property of cardiac muscle that dilatation, no mat- 
rer how produced, is always followed by hypertrophy. There are 
disease conditions in which this occurs, but we are not talking 
about them now; we are talking of the physiological dilatation 
and hypertrophy of exercise. As an active child grows, he runs 
about, he plays games. As he grows older and takes part in high 
«hool and college athletics, the process continues; with each ath- 
letic effort, the venous return is increased, the ventricles are di- 
lated, dilatation is followed by hypertrophy, and so the stroke 
volume is increased. In fact, it can be said that one of the chief 
purposes of athletic training is to produce such a heart. 

We should here point out to what an extraordinary degree the 
heart is capable of increasing its output. At rest, the average heart 
beat is 72 beats per minute and the stroke volume is 70 cc., making 
ae output of about 5 liters. (It will be remembered that the 
mean of blood in the body is about the same er 
tas Mi 5, ny which means that a volume of blood equa 7 a ; 
Minute.) U ued passes through the left ventricle se at ee he 
velltained er conditions of very violent exertion the Shane 

athlete is capable, for short periods of time, © ea 
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f 150 per minute, with a stroke volume of 209 7 
the rate 0 tput of 30 liters per minute. It is said o¢ “hese 
a cardiac ou a runner, that his cardiac output was in 
noted er liters per minute. These are the extreme ‘th 
aatt violent exertion; any degree of activity "i ‘a 
tween a make intermediate demands. Thus simply Moving from 
re radteal to the erect position eis! a ree increase ‘ 
the heart rate of several beats per second and a slight increase : 


ing at 
giving 
Nurml, 
neighborho 


the stroke volume. . . | 
What is the best way to increase cardiac output?—Since the — 


can increase its output either by increasing its rate or by in creasin 
its stroke volume, the question is in order: “Does either method 
have an advantage? Would it be better, when increased amounis 
of blood are necessary, to have the demand satisfied mainly Bian 
increase in rate or by an increase in stroke volume?” 

This question can be answered unequivocally that it is — 
done by increasing the stroke volume. This is true for two reasons: 
(1) A rapidly beating heart is an inefficient heart, because elie: Yiene 


tricular wall contracts with greater force and with less expenditure 
of energy than slack ventricular muscle, This discovery by Starling 
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has time for the Ventricles to be well filled; this — beating heart 
and the contraction that follows i, of a high de ee Walls: 
ole Iciency, 
the Myth of “Athlete’s Hears" 


To this day many peo 
hypertrophy which exercise ma 


in lator yous, Acid vse ne Senn Tt disease and heart failure 
biceps predispose him to diseases of the arms or shoulders 

The idea of “athlete’s heart” ; rs 
certain statistical reports whic 
dence of heart disease among ex-athletes than among ordinary 
ics of this sort. Let's 


; le of a similar group of non-athletes, 
only five had so died. The first question, of course, is “What are 
athletes?” To the high sch 


ool and college student, athletes are 
football players in the fall, basketball players in the winter, and 
perhaps track men in the spring, but mainly football players. It 


seems that football is not the type of sport to produce any marked 
enlargement of the heart, at least X-rays of the hearts of profes- 
sional football players rarely show any marked degree of enlarge- 
ment. This is not surprising. There is a burst of activity, then 
whistles are blown, red handkerchiefs dot the field, and all activity 
ceases until the officials decide who shall be penalized, how much, 
and for what. Basketball should, and does, show greater effects, 
especially since the center jump was abolished. However, the ques- 
tion still must be asked in regard to each such study: Just who 
were the “athletes” included, what type of athletics had they in- 
dulged in, and what effect could that type be expected to have on 
the heart? ; 

In the second place, the statistics may be faulty . a . 
actual “cause of death.” Sometimes a Pee he died of oo 
cian does not have the foggiest notion pane ilure is stated as the 
in the end the heart did stop, and so heart fai ‘etogahag 

oak tacks the heart, but the 
cause of death. Syphilis frequently at 
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Y sym 
an aversion among many physicians to ascribe death to t 
ease, a sort of “don't speak ill of the dead” feeling. In this ¢: 
the death certificate may give heart failure as the cause 0 


These criticisms do not apply to at least one study that has 
ported. The athletes chosen were all crew men, and rowing is one om 
which, as proved by X-ray photographs, does produce enlargemen, mn 
the heart. From what has been said concerning the venous return a 
easy to see why this would be. The rower, pulling on his oar, contract, 
every muscle in his body to the utmost, arms, legs, and especially th, 
muscles of the abdomen. These are important, as the abdominal Ongans 
are generously supplied with blood. The pressure of the contracting 
abdominal wall squeezes this blood, along with that from the arm, waa 
legs, into a huge wave to the heart. As he comes forward, relaxed, al] 
the muscles fill with blood, and the next contraction forces this blood, 
in another overwhelming wave, to the heart, so that wave after wave of 
blood enters the heart and maximum dilatation is produced. 

The study revealed that there was a slightly higher incidence of heart 
attacks and heart deaths in the “athlete” group, but to eliminate the 
second criticism, the investigator was careful to inform himself fully of 
the circumstances under which the heart attack or heart failure occurred, 
It seems that the ex-athlete, not recognizing that the years had taken 
their toll and that he was no longer the man he had once been, was 
inclined to take chances which the non-athlete avoided. For instance, a 
hotel is on fire and a beauteous blonde, screaming for help, is leaning out 
of a fourth story window. The athlete, perhaps recalling subconsciously 
the plaudits of the multitude as he rowed the Thames, sheds his coat, 
charges up the stairs, hoists the blonde on his shoulder, starts down the 
stairs, and collapses from heart failure. The non-athlete, on the other 
hand, lights a cigarette, puts his hands in his pockets, and says, “What 
do we have a fire department for?” Or when the little woman wants the 
piano moved upstairs, the ex-athlete tries to do the job himself and 
collapses with a heart attack, the piano on top of him, on the third step. 


hs 
it dis 
‘Se, (Or 


f death, 


been Te. 


All in all, barring the psychological element and assuming that 
training includes reasonable coaching and medical counsel, it a 
be said with assurance that there is no evidence that the heart, 
strengthened and enlarged by athletics, is a liability in later yea! 
In short, the idea of “athlete's heart” is simply a myth. 


HEART DEFECTS AND DISEASES 


In view of the terrific amount of work which the heart does ™ 
the stresses which we are prone to inflict upon it, it is not surp 


and 
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idet pearts. The human body was ats agate and 
0 it ig tO be expected that the heart will wear bel i forever, 
= ives faster, one cannot hope to live as long. The ma When 
deaths from heart disease appears to be increasing itheiteh bly 
ay be due to the keeping of better statistics. (In the ast io le 
imply died and were buried, with no question ae Ss e 
creasing tempo of life, particularly in cities, has been blamed; - 
fact, a recent study by the U.S. Public Health Service sup at 
this view. It was found that the death rate from heart ahaa was 
much higher in the heavily urbanized states than in those having 
few large cities. ‘Thus the death rate in New York State was 653 
per 100,000 persons, and in California, 620, as compared with 309 
in New Mexico and 380 in Kentucky. Another contributing fac- 
tor is no doubt the general tendency to overweight on the part of 
the American people. The influence of too much fat in the diet 
as contributing to coronary disease will be discussed later. 


Congenital Heart Defects 

These are defects with which the baby is born. We will consider 
only three types. 

A patent foramen ‘ovale.—In the first, there is an opening, called 
a foramen ovale, in the septum dividing the two atria. (Normally, 
of course, this septum is completely closed.) A child possessing this 
defect is called a “blue baby,” because the skin and especially the 
lips are bluish in contrast to 4 normal baby’s pink color. This re- 
flects the fact that its blood is not fully oxygenated. The blood in 
the right atrium, which is venous blood, having been through the 
circulation and given up much of its oxygen, gO through the 
Opening, mixes with the blood in the left atrium, and is pumped 
Sut to the body again, having by-passed the lungs. Ordinarily, the 
Pressure in the two atria is the same, 5° one wonders what 1t 1s that 
bie blood from the right into the left atrium. Some say pis i 

ct that the right atrium begins to contract first, because the 
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node is on that side, means that momentarily the pressure in the 
right atrium is greater and blood from it is forced into the left 
atrium through the foramen ovale; others say that there must be, 
at the same time, a constriction of the pulmonary artery, making 
it more difficult for the right ventricle to force blood through it 
and raising the pressure in the right atrium as well. However this 
may be, the thing to do is to repair the defect, that is, to stitch to. 
gether or somehow patch the hole between the atria. It is here that 
in recent years surgery has scored one of its greatest triumphs, 
Although the following discussion concerns “blue babies,” it also 
applies to many other types of heart surgery, the repair of valves, 
relieving constriction of arteries, etc. 


In the past, the big difficulty with heart surgery was that the heart was 
full of blood; it was beating and one dared not cut into it. One also 
dared not stop the circulation for more than a minute or two, because 
the brain, deprived of blood, would suffer permanent damage. It was 
really the development of “hypothermic anesthesia” which made mod. 
ern heart surgery possible. Hypothermia means reduced body tempera- 
ture. This is achieved by giving the patient a sedative and then im- 
mersing him in a tub of ice-cold water. His temperature falls rapidly, 
and when it has fallen to around 85° F.—normal body temperature is 
98.6° F.—he is removed from the tub and the operation is undertaken. 
What has been accomplished by hypothermia is a reduction in the Oxy- 
gen requirements of the brain, since a fall in temperature diminishes 
the speed of chemical reactions, burning of glucose, etc.* Now the cir- 
culation may be safely stopped for as long as eight minutes—not very 
long, but time enough to have spelled the difference between life and 
death for many a child. The surgeon must be sharp; he must be quick 
and adept; and his surgical team must be well-trained. The venae cavae 
are clamped off, and within a few beats the heart has emptied itself of 
blood. Then an incision can be made into the atrium and the defect 
seen. If it is small, it can be stitched together; if large, a plastic patch 
is used. The thorax is filled with warm salt solution, to prevent air get- 
ting into the heart, the incision is closed, the clamps are removed from 
the venae cavae, and the heart begins, again, to pump blood. 


* Hypothermia is also being used as an emergency procedure in cases of coronary 
insufficiency, To bring the body’s metabolic requirements down to a level that can be 
handled by the damaged heart muscle, the patient is wrapped in a special “hypother- 
mic blanket” while a cooling unit lowers his temperature, slowing his bodily activities 
and at the same time reducing pain, anxiety, and the likelihood of shock. 
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necessity for hypothermia altogether and would prolong 
- indefinitely the time available for the surgeon to work = 
mi ersistence of the ductus arteriosus.—This is 
won genital heart defect. Within the uterus, the lungs, of course, 
do not function and the blood from the pulmonary artery flows 
into the aorta through a vessel called the ductus arteriosus. At birth 
normally the ductus rapidly closes and the blood flows through 
the pulmonary artery to the lungs. When it does not, blood which 
should go to the lungs, that is, venous blood, goes into the aorta. 
This is another cause of\'blue babies./ Later in life the pressure 
in the aorta increases and the pressure in the pulmonary artery 
becomes less. The flow of blood is then reversed, and blood now 
flows from the systemic into the pulmonary circulations. An indi- 
vidual red cell may now make three or four trips through the 
lungs before getting out into the system, the systemic blood flow 
being greatly reduced. Treatment is simple, merely tying off the 
ductus arteriosus. 

Tetralogy of Fallot.—A third type of congenital heart defect 
consists of four cardiac abnormalities: (1) There is an opening 
between the two ventricles. (2) The aorta opens, entirely or partly, 
into the right ventricle. (3) There is a narrowing of the pulmonary 
artery, and (4) the right ventricle is greatly hypertrophied. Because 
of the narrowing of the pulmonary artery and the fact that the 
aorta opens into the right ventricle, most of the blood from that 
Ventricle is pumped into the aorta, and the pulmonary circulation 
s skimped. This defect also results in a “blue baby.” 

The work of pumping blood against the higher pressure 1n the 
‘orta is responsible for the hypertrophy of the right ventricle. The 
Tatment, developed by Drs. Blalock and Taussig, after ail 
hme on many dogs, is to “anastomose potion . ight 
su Sian at oo eer iy ray men a certain 
ne: and the pulmonary artery. This p he low-pressure 

of high-pressure systemic blood to enter t e 
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pulmonary artery and thereby augments the flow of blood through 


the lungs. 


Diseases of the Conducting System 

Some of these were mentioned when the ECG was discussed, 
Atrial flutter, which many times goes into atrial fibrillation, is not 
as serious as one might think. Actually, most ventricular filling 
does not depend on atrial contraction. The blood simply flows 
into the relaxing ventricle. Only about the last 10 per cent js 
added when the atrium contracts. One can get along fairly well 
without this 10 per cent provided the rate of ventricular contrac. 
tion is slow, which it usually is not. Drugs such as digitalis are 
given to the patient with atrial fibrillation, mainly for the pur- 
pose of slowing down and at the same time strengthening the 
ventricular beat. 

One: two heart block is also not too serious a condition: in it 
there are two atrial beats for each ventricular one. If the atrium 
is beating at a normal rate of 72 per minute, the ventricle will 
only beat 36 times. Usually, however, the atrial beat is faster than 
normal. It means, of course, that the ventricle must develop a 
large stroke-volume. It was recently reported that an electrical 
pace-maker had been developed, which is fastened to the chest 
and by means of which the heart can be stimulated to beat. In 
one case, the patient was suffering from such an advanced degree 
of heart block that the heart was almost not beating at all; with 
this device his heart was kept beating for 109 hours, after which 
its normal rhythm returned. 

Of all defects of the conducting system, ventricular fibrillation 
is by far the most dangerous. When it develops, all circulation 
stops. Different regions in the ventricular wall contract at random, 
but there is no coordinated beat. This is the bane of the heart 
surgeon; it also happens during other types of surgery. One has 
only a minute or two to start the heart beating again, before ir- 
reparable damage will have been done to the brain. A surgeon, 
working in the abdomen, will not hesitate to cut the diaphragm, 
take the heart in his hand and massage it, which, when all is said 
and done, is the best way to get the heart to start beating again. 
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receive a fatal shock, the shock causing ventricular fibril oe 
A stronger shock applied directly to the heart ma ae ation. 
normal thythm. This principle is used in “defibrillators raed in 


heart surgery. 


Valvular Defects 

There are two types of valvular defects, and either type may 
affect any of the four valves of the heart. Using the aortic valve 
as an example, the tissue around the opening, or orifice, may, as 
the result of rheumatic fever, be narrowed or constricted, so chat 
the opening is not as large as it should be. This is called aortic 
stenosis. In this condition, the ventricle is forced to do more work 
in order to force its quota of blood through the narrowed opening. 

In aortic regurgitation the valve does not fit properly. The leaves 
of the valve are very delicate, and any damage to them may pre- 
vent proper closing. During diastole the blood pours back into 
the ventricle from the aorta, and all the work done in pumping 


that blood has been in vain. 


Both types of valve defects are rec 
heart sounds. In aortic regurgitation there is a sort of hissing 


sound, following the second heart sound; it is heard as the blood 
squirts back into the ventricle.* Such heart sounds are called 


murmurs. 


ognized by their effect on the 
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A divans responsible for many valvular Celects is rheumatic fever. 
Although almost any part of the heart many be niecset, the valves suffer 
the most. The patient whose heart has been damaged by rheumatic 
fever is said to have a “rheumatic heart. It is believed that rheumati; 
fever is caused by a bacterial infection, the organism being type-A hemo. 
lytic streptococcus. Symptoms include a very sore throat, high fever, a 
soreness and reddening of the joints and, in some cases, chorea, an un. 
controllable twitching of the muscles, which was called “St. Vitus’ 
Dance” in earlier days. Attacks recur from time to time, either during 
the same winter or every winter, and each attack adds further damage 
to the heart. Why it should be the heart which suffers is not definitely 
known; there are usually no bacteria actually in the heart itself. 

It is thought by some that this is in the nature of an antigen-antibody 
reaction, though of a peculiar sort, where the antigen—toxin produced 
by the bacteria in the throat—reacts with antibodies which are fixed to 
the inner lining of the heart, including the valves. Such reactions, in 
which the antigen reacts with antibodies fixed to tissue cells, is known 
to be responsible for many of the allergies. Others say that the blood 
supply to the valves is deficient. However this may be, treatment of 
rheumatic fever, as it involves the child, is difficult. Complete bed rest 
during an attack is essential; still one does not want to make a little sissy 
out of the child. 

The sedimentation rate test makes it possible to know when the 
child can go out and play and when he should be in bed. A sample of 
diluted blood is placed in a long tube. Normally the red cells sink 
(“sediment”) at a slow rate, about 5 mm. per hour, In rheumatic fever, 
and several other diseases and pregnancy, the rate is greatly increased; 
during an attack of rheumatic fever, it may be as high as 100 mm. per 
hour. When the sedimentation rate has returned to normal, or nearly 
to normal, the attack is over, and child may be permitted to play again. 


Rheumatic fever is a disease of northern climates; children 
who have suffered one attack can usually escape further damage if 
their parents can afford to take them to Florida or Arizona for 
the winter, Some reliance can be placed on drugs for the preven- 
tion but not treatment of rheumatic fever; for this purpose peni- 
cillin has largely replaced the original sulfa drugs. Children under 


place his head against her bare chest. He saw some children playing with a long pipe: 
one child calling down one end while a playmate listened at the other. From this came 
his idea of a hollow tube, one end to be placed against the patient's chest, the other 
leading to the examiner's ear, 
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although those on the left side are attacked most fre- 
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ive Heart Failure 
art, wonderful structure that it is, is capable, often for 
of overcoming certain types of heart defects. In the 
gitation, for instance, the blood which leaks 
cle is added to that which comes in from the 
a stretch, dilatation, of the ventricle, 
by hypertrophy. We are now using 
1 rather than a physiological sense, 
since they resulted from diseased conditions of the heart. Such 
a hypertrophied heart, because of its increased size and strength, 
is able to provide an adequate circulation for the ordinary affairs 
of life, although it has little reserve strength for exercise. Such a 
heart is said to be compensated. 
Compensation also occurs in hypertension, 1.¢., high blood pres- 
sure, for the same reason. The heart is unable to expel all the 
blood which it contains against the higher pressure existing in 
the aorta, Some blood remains behind and is added to that enter 
ing from the atrium. This again produces dilatation, followed by 
hypertrophy, 
dae a too, is capable of taking ¢ ae ne still higher 
levelinfy y, but should the blood pressure be raise hy sti as. 
fins as = chasing a bus or becoming wildly excite at or i 
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e additional pressure, cannot do so, goes into fibril} 
and the person dies. This is acute heart failure. i 
although it may last for years, compensation event, 
There are those who say the heart muscle itself 
that what happens is that the coronary circyla. 
tion—the blood supply to the heart muscle itself—becomes def. 
cient, because the overgrowth of heart muscle has exceeded the 
development of new blood vessels into that muscle, and the hear 
fails, for that reason. Others believe that heart muscle does gradu. 
ally fatigue and eventually fails. In any case, decompensation 
ually sets in; little by little bodily activities must be restricted, 


grad 
the blood demands of even the resting body cannot be met, and 
the patient dies of chronic, or congestive heart failure. It may take 


years for this to happen, or only a few months, but there are al- 
ways three cardinal symptoms: edema, cyanosis, and dyspnea. 


Cardiac edema has been discussed; it was pointed out that the 
n the capillaries has been increased, thus 


overcome th 
tion, 

In any case, 
ally wears out. 
never wears out, 


hydrostatic pressure i 
increasing the net outward pressure. This is no doubt true but 


another factor enters in. This is the retention of salt, and hence 
water, due to a defective blood flow through the kidneys. The 


mes waterlogged, as it were, swollen with water. This 


body beco 
is the reason for sharply limiting the salt intake of heart patients, 
since the tissues retain water in an attempt to dilute salt. Com- 


pletely salt-free diets are sometimes given, along with diuretics, 
drugs which increase the urine output. 

The cyanosis (blueness) of the skin is due to sluggish blood 
flow through the capillaries. The heart is no longer able to pump 
the blood through the capillaries at its normal rate. Therefore, 
blood remains longer in the capillaries, a greater amount of oxy- 
gen is given off, and a greater amount of deoxygenated hemo 
globin is produced. 

Two explanations are advanced to explain the cause of the 
dyspnea (shortness of breath). One is that the blood becomes 
congested in the lungs, encroaching on the space normally occu 
pied by the air sacs, because the failing heart is unable to remove 
it rapidly enough; the air sacs are unable to fill adequately 4” 
this produces the “air hunger.” Another explanation is that there 


The Circulatory System 213 


tion of carbon dioxide in the respiratory center 
medulla of the brain which controls tatiraies 
y responsive to increases in the concentration of 
4p dioxide in its surroundings. This accumulation is due to 
cat “ of the slow blood flow to remove it rapidly enough. What- 
itor ; explanation may be, the patient finds himself puffing and 
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ever © after very minor exertion, such as climbing a flight of 
id d as the condition advances, he breathes heavily even 
gtal*»» 8 
while he is 10 bed. ' 

qwo other important heart diseases occur, namely, coronary 
d angina pectoris; however, these are not truly heart 


yhrombosis an : 
qiseases but rather diseases of the coronary arteries and will be 


giscussed later under that heading. 


THE BLOOD VESSELS 

The diagram of “the circulatory system” shown overpage is 
highly schematic and simplified and is intended merely to give the 
student an expanded view of what has already been said in relation 
to the heart: that the circulatory system is actually a closed “‘figure- 
8,” consisting of two subsystems, (1) the pulmonary circulation, in 
which the blood is oxygenated in the lungs, and (2) the systemic 
circulation, which supplies all parts of the body except the lungs. 

We will begin with the systemic circulation. The blood surges 


from the heart in the great aortic trunk, which branches into 


many arteries. Some of the most important include: the carotid 


arteries, which supply the head with blood; the common iliac 
arteries that branch off in the pelvis and run down the legs, there 
being called the femoral arteries; the innominates, which become 
the subelavians and are then called axillary arteries as they pass 
ee the shoulders and down the arms; and the coronary artery, 
on supplies the heart itself. Others branch off from these and 
ody the aorta to supply the viscera and every other part of the 
i from the arteries are arterioles, smaller vessels on 
Ne deox, € oxygen to the capillary beds. (We used to ae . - 

Ules, nih onan blood passed from the capillaries into the 
into the veins, and so back to the heart. Now we can 
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see that there are “thoroughfare channels,” called metarterioles, 
extending between arterioles and venules, with the true capillaries 
looping off of these. We will discuss these further near the end 
of this chapter.) 


Arterial Blood Pressure 
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the body, specifically to deliver it under a certain pressure. 
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ver norse, Who had transported him around the English 7 Be, He 
' ears, but the old gray mare was no longer what she untryside 
been, 50 Hales decided to use her to advance Physiological ‘ie mt 
He eX osed the left carotid artery and, quite j ge. 


: ite Ingeniously, connected 
“rotid 10 a long glass tube, using the windpipe of a goose. When he 
wit oved the clamp from the artery, the blood ascended in the tube up 


nd up, tO the surprising height of 9 ft. 6 in. Hales made a note that the 
blood in the tube rose and fell with each beat of the heart. Then the 
blood coagulated, and the experiment was over, 

Translating the height of the column of blood, 9 ft. 6 in., into milli- 
meters of mercury—the standard unit used today in expressing blood 
pressure—gives a pressure of 270 mm. Hg. This is considerably higher 
than a human’s would be, but the mare was doubtless excited at the 
time. 
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The Hales method has certain disadvantages. The blood clotted 
quickly, and one would require a stepladder to read the pressure 
of a horse, while a small animal like a rat would not -have enough 
blood to rise into the tube. Therefore, the introduction of the 
U-tube mercury manometer was a forward step in animal work. 
In using it, the tube into the artery is filled with a solution of 
sodium citrate, an anti-coagulant, and the mercury, being 13.6 
times as heavy as water, does not rise nearly so high. 

Human blood pressure determination.—An instrument called 
the sphygmomanometer is used (sphygmos is Greek for “pulse”. 
An inflatable cuff, connected with a mercury manometer, 1s 
“rapped around the patient’s arm, as shown in the sketch, and 
ar is pumped into it by means of a bulb. When a pressure saps 
What greater than that anticipated has been introduced and there 
“0 sound in the stethoscope held against the arm just below the 
ee it means that the arterial flow has been cut off and ae 

i Ment can start. A needle valve on the bulb is ape pens 

Permitted to escape slowly. The point is soon reache 
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the pressure in the artery exceeds the pressure in the cuff. At this 
point a distinct click is heard in the stethoscope. This click rep- 
resents the first jet of blood to pass through and therefore marks 
the point of highest pressure—the systolic blood pressure. As air 
continues to escape, a series of muffled sounds are heard—the 
“sounds of Koratkov’’—and then, rather suddenly, all sound ceases. 
This is the diastolic blood pressure, the point of minimum pres- 
sure, when the cuff no longer inhibits the arterial flow. 

The kymograph tracing below of normal human blood pressure 
tells the same story as the heart sounds and the sequence described 
earlier in terms of valve action. 
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human blood pressure did not fall to zero during 
cord. A considerable amount of pressure (about 
d. It is clear that in the animal there js 4 
hich maintains the blood pressure 


But wait! The 
diastole in our Tee 
80 mm.) was retaine pa 
secondary source of pressure W 
during diastole. oe | _ 

We will simulate the second source of pressure in the lower dia. 

ew f . 

“tece mines of thin rubber, not iron, so that they cay 

gram by making pipes of th er, | - ae vee 
stretch If we now start the pump with the nozzles partway open, 
ith fluid and the rubber walls are stretched to 


the system fills w ) 
ves to the left, fluid con. 


some extent. Now when the piston mo 
tinues to ow from the nozzles; the stretched rubber walls lose 
some of their stretch, but before they can lose it all, the piston 
again begins to move to the right. If we had taken the nozzles off, 
the flow of fluid from the ends of the pipes would have been so 
rapid that the tubes would have lost all their stretch. As long as the 
walls of the tubes were stretched, they were squeezing inward 
against the fluid. The fluid was therefore under pressure, and that 
is the pressure being measured by the manometer. 

Summarizing this, the rubber tubes in the second diagram are 
comparable to the arterial system. Its walls can also stretch. Re- 
member, they are made out of elastic connective tissue and are at 
all times under stretch in the body. They are kept that way by the 
partial contraction of the arterioles, the “nozzles” at the ends of 
the arteries. When the heart contracts and more blood is forced 
into the system, they are stretched to a greater degree, and con- 
sequently the pressure inside them rises. This is the systolic pres- 
sure. When the heart relaxes, they lose some of their stretch as 
blood continues to flow out through the arterioles, but when the 
next contraction occurs, they are still in a partial state of stretch. 
This is the diastolic pressure. So we can say that in the body, the 
niet source of pressure is the stretched arterial tree, stretched 
Soph these sree Hae ning 
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ve tt P . : € 1s not 
18 4a all. This means that the resistance encountered in a 
affect na is much greater than in a large one, actually propor 
nal : the fourth power of the diameter of the tube. ™ 
00 het factor which greatly affects resistance is velocity; the 
ast the uid flows the Bren? is the resistance. One can demon- 
ae this bY simply rubbing the hand across the table. If done 
re no heat is felt; if done rapidly, the hand is burned. 
ae us now compare the resistance encountered by the blood in 
the various vessels of the circulatory system. Little resistance is en- 
countered in the arteries. Although the velocity of the blood is 
high-in a larger artery, as much as 40 cm. per sec—the diameter of 
an artery is also great. Resistance reaches its highest point in the 
arterioles, since (1) the blood enters at high speed, and (2) these 
vessels are small in diameter, in fact, the combined cross-section of 
ill the arterioles would not greatly exceed that of the aorta. The 
capillaries offer little resistance to the blood. Although they are so 
tiny that it takes from five to seven hours for a cubic centimeter of 
blood to squeeze through, this slow flow is not due to resistance 
but to the fact that the blood has lost much of its velocity in get- 
ting through the arterioles. It is as if a narrow canyon, through 
which the water flowed at great speed, opened up intoa flat meadow, 
through which the water slowly meandered. Resistance in the 
veins is also low. The combined diameters of the two venae cavae 
is approximately that of the aorta, since as much blood must re- 
turn to the heart by way of the venae cavae as left it through the 
worta; therefore, the flow is rapid. 

Rreetg peripheral resistance includes all vessels, 
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- = any of these ; ; 
ag eri cipal A glance at the mechanical diagram will show 
what would happen should the pump increase its output, ‘Te 


tubes would be overfilled, their walls would be overstretched, an d 


uently the pressure would rise; a reduction in the pump’; 


conseq ite effect. In the body the same thin 


output would have the oppos! 
is true. Other factors remaining constant, an increase in the car diac 


output causes a rise, and a decrease, a fall, in the blood pressure. 

Peripheral resistance is encountered largely in the arterioles, and 
it is a variable resistance. Another glance at the “water-distribu- 
tion” diagram should be convincing. If everyone was out water. 
ing his lawn at the same time and everyone screwed his nozzle 
nearly shut, the pressure would rise greatly. This is shown by the 
fact that if you have a little leak in your hose with the nozzle open, 
the leak will barely flow; but if you screw the nozzle nearly shut, 
water will squirt from the leak. The size of the arterioles is con- 
trolled by the vasomotor system, which will be discussed presently; 
nerve impulses over this system can produce either constriction or 
dilatation of arterioles; if the constriction is widespread, that is, if 
it involves many arterioles, the blood pressure will rise; if wide- 
spread dilatation occurs, the blood pressure falls. 

Finally, blood volume fluctuation will affect blood pressure in an 
obvious way. If the volume of fluid in the system is increased, the 
tubes will be overstretched and the pressure will rise; if there is a 
decrease in volume, they will be partly collapsed and not able to 
press strongly against the blood within them, and the pressure will 
fall. In the body, it is the latter condition that concerns us, name 
ly, the fall in the blood pressure resulting from hemorrhage, not 
the specific loss of red cells. It is apparent that any serious loss 0 
fluid from the vascular system will result in a loss of stretch and a 
consequent loss of pressure.* 
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. sake of clarity, these three factors have be 
for - However, in the body they almost never work 
pee nic heart failure, for instance, the cardiac oe 
Wy: oi ily f educed, yet the blood pressure may be ay es : 
pe 8 that the arterioles are constricted correspondingly 4 
re tot counterbalances the other. This maneuver deat oa 
this 7 increase the blood supply to the tissues, which can ne 
one what the heart puts out; however, this blood is delivered 
ee q normal head of pressure, and the brain, at least, gets 
ss soil Following hemorrhage the blood pressure falls, but if the 
joss has not been too severe, it promptly returns to the normal 
evel this again being due to constriction of arterioles. In poly- 
sythemia the blood volume is increased, yet the blood pressure is 
ysually normal; in this case there has been a corresponding dilata- 


en discussed 


tion of arterioles. 
The importance of diastolic pressure.—In a variety of conditions 


the diastolic pressure will be abnormally low. In medial sclerosis 
there is a deposition of calcium in the walls of the middle-sized 
arteries Which makes them hard and inelastic (‘“pipe-stem ar- 
teries”). It will be remembered that in our model with the iron 
pipes, there was no diastolic pressure at all. In medial sclerosis, al- 
though not all arterial elasticity has been lost, a considerable 
amount has, and the diastolic pressure is therefore low. 

In aortic regurgitation blood escapes from the arterial tree in two 
directions—through the arteriole outlets as usual, but also back 
into the left ventricle. Over a period of time, because of this second 
outlet, the arterial walls are stretched less, and the diastolic pres- 
sure is consequently reduced. 

In heart block the beat of the ventricle is very slow, perhaps only 
35 to 40 per minute. There is thus a longer time available for the 
blood to leave, and during that time the pressure is, of course, fall- 


ing. At the end, a lower pressure than normal has been reached. 
—. 
I . 
var pe The giraffe, for example, has a blood pressure 
among th mm., this pressure being necessary to force bloo na eat 
lack of ble trees. If for any reason the blood pressure is reduced, the brain su ves ~ 
aints h 00d, and the person loses consciousness. This, in a way, IS good, for w mie 
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fomight be asked why the diastolic pressure is important, Con 
sider what would happen if there were no diastolic Pressure ay all 
tre would mean that the blood would come to a complete Stop tie, 
rween each beat of the heart. Everyone has had the experience, or 
can imagine it, of running out of gas and having to push the Car ty 
the nearest filling station. ‘The hardest part of the job is in getting 
the car to roll, Once it is rolling, if the road is level, it takes 
little work to keep it rolling. But what if one stopped every hes 
feet and started over again? What we are talking about here is, of 
course, inertia, the resistance of a motionless object to being put 
into motion, The same thing applies to the circulatory system. If 
the blood stopped between each beat, and the heart were expected 
to put that column of stagnant blood into motion again with each 
beat, the heart would very soon be worn out. 

For another thing, most of the blood flow into the coronary 
circulation (the circulation which supplies the heart itself) takes 
place during diastole. The reason is that during systole the muscle 
of the heart is contracted to such a degree that the blood within its 
own blood vessels is squeezed out, and its refill must therefore 
occur during diastole. If the diastolic pressure were reduced great- 
ly, there would be insufficient pressure to fill the coronary vessels, 


and the heart would suffer as a result. 


The Vasomotor System 
This is the system which controls the size of the arterioles, hence 


the peripheral resistance, and hence, to a large extent, the blood 
pressure. It consists of a center, the vasomotor center, located in the 
medulla of the brain, into which nerve impulses flow over sensory 
nerves and from which motor nerves carry impulses to the arte- 
rivles. There are two types of such motor nerves, the vasoconstric- 
tors, which produce constriction of the arterioles, and the vase- 
dilators, which cause dilatation. Leaving aside, for the moment, 
the question of changes in activity, the overall tonic function of 
the vasomotor center is to maintain such arteriolar constriction 4 
's Necessary to maintain normal blood pressure. The word “tonic,” 
48 applied to a nerve center, refers to its constant output of nerve 
impulses. In this case it means the output over vasoconstrictor 
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an illustration of this is what happens to the blood 
ce, We have already learned that in exercise the car 
- increased from a resting level of 5 liters to a Maximum of 30 liter 
his would, unless something else happened, raise the blood ppeshats 
from 120 mm. to 6 X 120, or 720 mm., and no artery in the body could 
siand such pressure. There Js, at the Same time, widespread vasocon. 
wriction in the abdominal region. This region is also called the “splanch- 
nic region,” because it Is served by the splanchic nerve, the largest vaso- 
constrictor nerve in the body. Experimentally it can be shown that stim- 
ulation of this nerve frequently doubles the existing pressure. Theo- 
retically, the pressure would thus become 720 x 2, or 1,440 mm., and 
arteries would be snapping like fiddle strings. Actually, in exercise the 
blood pressure does rise somewhat; it may reach 180 or even 200 mm., 
but nothing like 1,440 mm. What happens is that there is extremely ex- 
tensive vasodilatation in the muscles themselves; in fact so extensive 
can this vasodilatation be that it is almost sufficient to counterbalance 
the factors of increased cardiac output and splanchnic constriction. 


Pressure in exer. 
diac output ma 


Having outlined the chief functions of the vasomotor system, let 
us now see how these are achieved. We will, of course, be dealing 
with reflexes, just as we were in the case of the heart. There are 
two chief regions where sensory impulses involved in these reflexes 
originate, but because they work in exactly the same way they can 
be described together. One region is in the arch of the aorta, the 
other is in the carotid sinus. The latter is a small sac, lying almost 
at the bifurcation of the common carotid into its internal and ex- 
‘ernal branches; it is therefore located at a strategic point, — 
changes in the blood pressure can be expected to have a great dea 
of effect, 7 

Buffer nerves._In both these regions, aortic arch alee 
sinus, are nerve endings of sensory nerves, the so-calle - : 
"eves. They do not respond when the blood pressure 1s 2°n® 
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as it rises, the frequency of nerve impulses rises too. It is note- 
worthy that the greatest change in frequency is around the normal 
blood pressure level, namely at about 120 mm. So sensitive is this 
mechanism that records of nerve impulses passing through the 
sinus nerve (the nerve that leads from the carotid sinus to the 
brain) actually show an increase in frequency during systole and a 
decrease during diastole. 

The nerve impulses pass into the vasomotor center and here 
exert two effects: they inhibit the outflow of impulses over the 
vasoconstrictor fibers and increase the outflow over the vasodilator 
fibers. If the blood pressure rose, say, from 120 to 150 mm., inhibi- 
tion of constriction and stimulation of dilatation would soon 
bring it back to its normal level again. Thus this mechanism is Te- 
sponsible for the maintenance of normal blood pressure. 

An illustration of this is what happens when one stands up. On 
assuming the erect position, there is a tendency for the blood pres: 
sure to fall; because of the force of gravity, blood tends to remain 
in the legs and abdomen instead of returning to the heart. This 38 
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immediately detected by the nerve endings described and cor- 
rected by vasoconstriction. Maintenance of a normal blood pres- 
sure in cardiac failure, as already mentioned, is also brought A sie 
by this mechanism. . 

Unfortunately, the functioning of buffer nerves is of little help 
in hypertension (high blood pressure). It appears that as the hyper- 
tension develops, this mechanism progressively becomes adapted 
to it, in other words, “resets’’ itself to the higher levels. By the 
time the hypertension has reached a level of, say, 200 mm., instead 
of the normal 120 mm., the buffer nerves will also have become 
adjusted to it, producing vasoconstriction at pressures below that 
level. Thus this mechanism tends to maintain the high blood pres- 
sure rather than to oppose it. 

Skin reflexes.—Changes also occur in the size of arterioles from 
stimulation of various nerve endings supplying the skin. One 
example is the flushing of the skin on exposure to warmth. On 
going out into the cold, the skin is, at first, reflexly blanched; that 
is, stimulation of the skin’s temperature receptors reflexly pro- 
duces vasoconstriction. However, if one exercises, or merely 
stands there and shivers—shivering being a form of exercise, or at 
least muscular exertion—the blood vessels of the skin dilate and 
one comes back into the house with rosy cheeks. This is due to the 
fact that the temperature of the blood rises and the heat cannot 
escape, due to the constricted vessels of the skin. It can be shown 
experimentally that heating the blood in the carotid artery, which 
supplies the vasomotor center, will cause dilatation of the arteri- 
oles, and this is what has happened here. 

Emotions are potent factors in affecting the blood pressure. One 
speaks of a man “pale with anger” or “flushed with excitement”; 
blushing results from dilatation of the blood vessels of the face 
and neck, which occurs when one is embarrassed. These, and many 
other examples, illustrate the effects of emotion on the vasomotor 
system. In general, it can be said that excitement elevates the 
blood pressure, both by the functioning of vasoconstrictor nerves 
and by the action of adrenalin. 
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of the vasomotor system by Claude Bernard, in 1852, 
y work on the cervical sympathetics, which ascenq 
1. He cut the right cervical sympathetic 
1 that the ear became suffused with 


blood, becoming much redder than the other ear. Stimulation of the 
teal end of the cut nerve, however, caused the ear to blanch. At first he 
thought that he was dealing with a “heat nerve, since the ear became 


warm when the nerve was cut, but he finally decided that the function 
of the nerve was to control the size of the blood vessels; when the flow 
of nerve impulses, which normally kept the arterioles in a state of par- 

he arterioles dilated, but when the nerve was 


tial contraction, was cut, t 
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Variations in Blood Pressure 

Normal variations.—We have said that the normal blood pres- 
sure is 120 mm. systolic and 80 mm. diastolic. However these 
figures are subject to a considerable amount of variation. One of 
the chief factors which normally affects the blood pressure is age. 
Thus, in infancy, the blood pressure ranges from 75 to 90 mm.,; in 
childhood, 90-100; in puberty, 100-120; in the adult, 110-135; 
and in old age, from 130 to 150 mm. These are systolic pressures; 
the diastolic would be from 35 to 50 mm. less. It will be noted that 
there is a continued rise from infancy to old age. In fact, this rise 
is so constant that it can almost be considered physiological. At 
least, if it is due to loss of elasticity on the part of the arteries, this 
happens to almost everyone. It is something of a problem to know 
just what to consider abnormal. A man aged 50, for example, has 
a pressure of 140 mm. Is that normal for him or should it be said 
that he has high blood pressure? Probably most clinicians would 
call it normal, especially if the diastolic pressure were not oveT 85 
wl er a might ask him to return later, figuring that the 
ful-looking rca wiplbar sale i sews pe ae signt i“ oe 
ecenapatile ents, perhaps even the blonde receptionist, w4 

As to sex variables in blood pressure, it is usually stated that the 
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sension frequently accompanies diseases of the kidne 
sae [ nephritis, arteriosclerosis, and hypertension the 
d—but the point here is that by every known ‘a az 
dog’s kidneys were normal, and pe co a ed tae normally. 

ee we have dogs, normal except that the blood flow through the kid 
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Later work elucidated the reason, The kic neys, under these circum. 
stances, secrete a substance called renin, which, although itself inactive 
combines with a protein in the blood called angiotonin to form hyper. 
tensin. Hypertensin acts directly on the arterioles, causing them to con. 
strict, and thereby the blood pressure 1s raised, Some physiologists haye 

ointed out that the secretion of renin by the kidneys may be a norma] 
process. If, under any circumstances, the blood flow through the kidney 
were insufficient, the kidney could, by secreting renin, elevate the gen. 
eral blood pressure and thereby increase its own blood supply. 
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Many, many efforts have been made to relate Goldblatt’s work 
to the problem of essential hypertension. It is known that the 
immediate cause of hypertension is constriction of the arterioles. 
To that extent, the theory fits, but the difficulty lies in showing that 
the blood supply to the kidneys, in the human case, is, in fact, 
restricted. It could be postulated that these people have small 
renal arteries, a shortcoming that appears to have a hereditary 
background. In one case, thirteen children in one family de- 
veloped hypertension, and it might be that such an imperfection 
in the blood supply to the kidneys is inherited. 

Some patients suffering from essential hypertension show a defi- 
nite reduction in the renal blood flow, resulting from some form 
of obstruction of the renal arteries; removal of the obstruction 
results in a return of the blood pressure to normal. 

Such obstructions are discovered by use of aortagrams. An injec- 
tion of a radio-opaque salt is made directly into the descending 
aorta and X-ray photographs taken immediately. By this means all 
branches of the aorta, including the renal arteries, may be visual- 
ized. Some believe that such an obstruction may reduce not the 
renal blood flow, but the pulse pressure (the difference between the 
systolic and diastolic pressures), and that this reduction in the 


pulsatile nature of the blood flow is responsible for the release of 
renin, 
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, causes have been suggested. Some psychi 
othe - emotions are such a potent factor in elev 
pee he emotional stresses and strains of mod 
ose sible. However, studies made on Populations liv; 
yee e yimitive conditions, on farmers, and ns living un- 
ger ™° iribes, show incidences of hypertension oa On certain 
Mie st in American cities. Cutting the iretniee, or higher 
ina es relief, usually temporary, suggesting rn thea ae 
gem is at fault. However, the fact remains—the c abies 
‘ optension is unknown. 
rhe results of essential hypertension, on the other hand, are all 
well known. The compensatory hypertrophy of the nee has 
n mentioned, as has the fact that this compensation eventuall 
fils. About 70 per cent of all people who die of essential tet 
tension actually die of heart failure. Another 20 per cent of all vic- 
tims of essential hypertension die from “stroke.” Why arteries in 
the brain are most likely to rupture under the strain of the high 
pressure is not known, but they do. Depending on which part of 
the brain is affected, a stroke or ‘‘cerebral accident” may result in 
insanity, OT death. Other arteries may rupture, some- 
e kidneys; most of the remaining 10 per cent die of kid- 
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ney failure. 
Although it is still too early to draw final conclusions as to its 


efectiveness the use of reserpine in the treatment of essential hy- 
pertension should be mentioned. Reserpine produces a long-con- 
tinued reduction in blood pressure as well as slowing down the 
heart rate. It is thought that this action is the result of its tranquil- 
iting effect on the central nervous system; the patient tends to 
take things easier and not become excited over the trials and vicis- 
‘tudes of modern life. Reserpine is obtained from the root of 
Rauwolfa, an herb which is found mainly in India. In that coun- 
ny - been used for centuries in the treatment of aa 
other be ae One wonders whether scientific ain . 

tiental herbs and roots might not result in the discov y 
ne even more valuable than reserpine has proved to is . 

matic shock.—Opposed to hypertension is hypotension, 
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In the world of today, where war seems to be the normal stat 
State 


and where, even in times of relative peace, automobiles at hi 

speeds are constantly running into each other, traumatic hen 
becomes of greater and greater importance. It may be defined 
state of shock, in which the low blood pressure is the main plivilo 
logical happening, resulting from extensive tissue injury caused b 
crushing, lacerating, and burning. There may be hemorrhage sy 
Il, but with the introduction of shatter-proof glass a victim of an 
accident may be in a state of extreme shock and never 
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of the cause of the low blood pressure in shock has not 
been definitely answered, There are two chief theories: the “local fluid 
loss” theory and the “toxic factor” theory. The local fluid loss theory 
says that sufficient plasma leaves the blood stream at the site of injury to 
account for the low blood pressure. Experiments showed that traumati- 
zation of the hind leg of a dog was followed by an accumulation of fluid 
equivalent to one third of the weight of the total blood in the body. This 
theory was put into practice during the Korean war when badly trauma- 
tized arms or legs were tightly bandaged to prevent the accumulation 
of fluid; this apparently was quite successful in preventing shock. 
The toxic factor theory holds that some toxic substance is produced 
at the site of the injury, which, carried by the blood to all parts of the 
body, produces a number of effects; it may damage capillary walls and 
thus permit a leakage of plasma from blood vessels in other regions; 1t 
may weaken the heart, and it may act upon the kidneys. This theory 
owes its origin to certain experiments by Cannon, who showed that ifa 
dog’s leg were traumatized, but with the femoral vein tied off so that 
blood from the leg could not enter the body, the blood pressure remaine 
normal, but when the clamp was removed, the pressure fell precipitately- 
He believed that the toxic factor was histamine because the injection 
of histamine produces many of the symptoms, including the low bloot 
pressure, of shock. However it has since been shown that histamine 
not responsible, since it cannot be demonstrated in the blood leaving a 
traumatized region; further, the anti-histamine drugs, although they 
quickly bring about recovery from histamine shock, are of no value 
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of to the nearest hospital. Unfortunately the y 
dead on arrival. Other helpful souls, with an overwhelming urge 
to apply artificial respiration to anything that is not obniienal 
preathing, have been fooled by the very shallow respiration of the 
victim of shock. Pouncing upon him, they administer artificial 
respiration in a most energetic fashion. Result? Broken ribs, 
pushed into lungs or out through the skin. 

There are four things that should be done: (1) The victim 
should be very gently removed from the highway, so that another 
car will not run over him. (2) If he is bleeding, an effort should be 
made to control the hemorrhage by the application of tourniquets. 
(3) An ambulance should be called. (4) His head should be kept 
low, 

Itis this last point which is violated when one attempts to trans- 
port him to the hospital in a private car. The automobile is not 
‘esigned to carry people lying down; the ambulance is. The 
Teason for keeping the victim’s head low has been mentioned be- 
fore. His blood pressure is very low, probably 50-60 mm. At a 
trig with the head elevated, the brain gets no ea 7 
of the person lying flat, or with the head slightly below ¢ 
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This leaves the blood “thick” from the EXCESS of 
cells over plasma. If now, whole blood is given and icme h bs 
plasma leaves as well, more red cells are left behind and the sos 
tion 1s aggravated. Nevertheless, it was the Navy’s experience ng 
ing World War II that, 1n spite of this argument, whole blood 
should be given, if available. Other than transfusions, little wiy) | 
done at the hospital. Penicillin will be given to combat infection, 
but the patient must largely make his own recovery. 
Many drugs have been studied in an effort to find one which 
will constrict the abdominal capillaries, in order to force the Stag. 
nant blood which they contain back into the circulation, but s0 
far none has been found that works very well. In the past it was 
taught that patients must be wept very warm. Hot water bags and 
electric blankets were recommended. It is now known, and should 
have been known then, that this is harmful, since it causes vaso. 
dilatation of the skin, abstracting further blood from the circula- 


internally. 


tion. 


CIRCULATORY SUBSYSTEMS 


Pulmonary Circulation 

This portion of the circulation includes the right ventricle, the 
pulmonary artery and its branches, the capillaries of the lungs, 
and the pulmonary veins, which return the blood to the left 
atrium. It should be noted that in the pulmonary circulation 
venous blood is present in the arteries, while arterial (oxygenated) 
blood is present in the veins. The right lung has three lobes and 
the left two; on the right side, therefore, the pulmonary artery di- 
vides into three branches, on the left, into two. Usually there are 
four pulmonary veins, although the number is sometimes three or 
five; they are without the valves that characterize other veins. 

The chief feature of the pulmonary circulation is its low pres: 
sure. It is normally only about one-sixth that of the systemic circu: 
lation, or about 15-20 mm. systolic and 8 mm. diastolic. The right 
side of the heart is also capable of the “dilatation-hypertrophy 
reaction, and an increased resistance, such as is imposed by stenosis 
(“narrowing”) of the pulmonary orifice, can be overcome by 4 ial 
sure as high as 60-80 mm. The volume of blood within the lungs 
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time to time, the average being a 
gifs d volume. It is said ha 8 about 20 per cent of 
tal blood V ‘ that the sympathetics cause con 
on of the pulmonary arterioles. However, thi 
grict! fe af pa ih : » this does not 

sonable, since when the sympathetics are active, as i 
blood l h pint Heard 
a larger supply rather than a smaller one flows 
h the lungs. 

preathing has a regular effect on the systemic blood pressure, as 
he kymograph record shows. On inspiration the entire volume of 
ihe thorax 18 increased. This stretches the walls of the blood ves- 
ses, permitting them to hold more blood. This retained blood 
does not, for the moment, enter the left atrium, and since blood 
eure depends on the cardiac output, the blood pressure falls. 
On expiration, however, this extra blood is forced into the left 
side of the heart, consequently the blood pressure rises. Therefore, 
blood pressure falls during inspiration and rises during expira- 


tion. 


Cerebral Circulation 
The circulation to the brain is unique in several respects. In the 
frst place, the brain gets blood through four arteries, the two in- 
temal carotids and the two vertebrals. Upon reaching the base of 
ha these four arteries fuse to form the “circle of Willis,” 
which arteries branch off to supply the brain. Thus the 
ae of any one of these arteries does not affect any or 
or a in the brain though the total supply 15, of course, eae : 
the ries e, tying off the right carotid does not affect, Leet ai 
Het of the brain, since blood from the left ST ie 
Animal ertebrals as well, can reach it through the circle 0 “ 
"'s differ in their ability to survive the closure of these ve 
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sels; the human can survive ligation of one of the common 
ids, but not both; the monkey survives ligation of both, 

In most organs of the body—the muscles, for instance; 
supply can be increased by vasodilatation of the blood Vessels. "p 
volume of the muscle will be increased. But this is obvious} The 
possible in the brain, enclosed as it is within the tight-fitting $ 
skull. A small degree of vasodilatation is possible, however. « id 
small amounts of cerebrospinal fluid can be forced out, If she Nice 
eral blood pressure is maintained, (it has been emphasized, 
peatedly how dependent the brain is upon the general blood sees 
sure) even a slight degree of vasodilatation permits a considerab]e 
degree of increase in the velocity of blood flow, since the Velocity 
varies as the fourth power of the diameter. Thus an increase in the 
diameter of the cerebral blood vessels of 22 per cent would jn. 
crease the velocity of blood flow by 150 per cent. Dilatation of the 
cerebral blood vessels is under two types of control: (1) a branch 
of the facial nerve carries parasympathetic (dilator) fibers to the 
cerebral blood vessels, and (2) excess carbon dioxide in the blood 
produces the same effect. It is unlikely that mental activity ever 
increases the blood flow; however, intense use of a restricted por- 
tion of the brain, such as looking intently at a bright light, will in- 
crease the blood flow through the occipital lobe (where vision is 
centered) significantly. 

The question of why, in hypertension, the arteries of the brain 
rupture so readily has already been raised. Some believe that cere- 
bral arteries do not rupture more readily, only that the result of 
rupture of such an artery is at once so disastrous. Others believe 
that the brain tissue, being soft and spongy, does not give the 
arteries the support which they find elsewhere. 


Aor. 


he blood 


Hepatic Circulation 


The liver receives blood from two sources, the portal 
the hepatic artery. Blood in the portal vein has been through the 
capillaries of the intestine (where it will be encountered again wr 
der Digestion); has absorbed digested food, with which the liver 
will be concerned; and has given up some of its oxyge? mF _ 

jthrough the intestinal capillaries. Therefore, the liver must 
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THE HEPATIC-PORTAL SYSTEM 


supplied with arterial blood as well; this it receives through the 
hepatic artery. Within the liver, these bloods are mixed and leave 
by way of the hepatic veins, which empty into the inferior vena 
cava. These veins are equipped with thick muscular walls (the 
hepatic sphincter), and it is largely by means of them that the blood 
fow through the liver is controlled. Sympathetic stimulation, and 
adrenalin, cause these sphincters to relax and permit a rapid blood 
fow through the liver. It will be remembered that both sympa- 
thetic stimulation and adrenalin cause the liver to release glucose. 
It is of course necessary that the gates from the liver into the circu- 
lation be wide open so that this glucose-laden blood may reach the 


muscles, 


Coronary Circulation 


This is the circulation that supplies the muscle of the heart 


i 1 . . ’ as ff s 
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blood must be pumped out against an increased pressure, | 
shown that the work which the heart does under these circum, 
stances may be increased ten- to fifteen-fold. But the heart cannot 
increase its own blood supply more than five or six times. While he 
is true that, according to Starling’s law, the efficiency of the heart 
is increased in work, it is hardly increased that much. (3) In the 
hypertrophic heart, the development of new blood vessels does not 
keep pace with the development of muscle tissue; in other Words, 
portions of this new tissue are undernourished. There are prob. 
ably even more reasons, but the fact remains that the coronary cir. 
culation is the most vulnerable spot in the body. Consequently, 
much of the following discussion is devoted to its ailments, 

The coronary circulation begins with the coronary arteries, 
which open from the aorta a short distance above the aortic valve. 
The right coronary artery, carrying about 15 per cent of the blood, 
supplies mainly the right side of the heart; the left, with 85 per 
cent, supplies the left side of the heart. In resting animals, about 
5 per cent of the total cardiac output flows through the coronary 
circulation. If the same is true in the human, this means about 
250 cc. of blood per minute, with the possibility of the amount 
increasing to 1.25-1.50 liters during exercise. Blood enters the 
coronary circulation during diastole and leaves during: systole. 
This is because during systole the contraction of the walls of the 
ventricles squeeze the blood out of the vessels lying within them; 
during diastole the blood can, and does, enter. This means, of 
course, that in any condition where the diastolic pressure is low, 
such as in aortic regurgitation, the heart suffers from lack of blood. 

Most of the blood returns to the right atrium through the cor- 
onary sinus and the anterior cardiac veins; there are, however, 
minute vessels, called the Thebesian veins, which empty directly 
into the ventricles. At one time, it was thought that there might 
be a backflow through the Thebesian veins into the capillaries of 
the coronary circulation; it is realized now that it could not occur, 
since the squeezing action of the heart would prevent it during 
systole, while during diastole the pressure within the ventricles 
1s practically zero, 
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ARTERIAL DISEASES 


We have postponed consideration of diseases of the arteries un- 
ti] now, because the coronary arteries are so frequently affected. 
The term arteriosclerosis is widely used. It is, however, a generic 
term which means simply “thickening and hardening of the arter- 
ies.” There are usually considered to be three types: medial sclero- 
sis, which was mentioned under the causes of low diastolic pres- 
sure; a type called diffuse parenchymatous arteriosclerosis, which 
affects the kidneys; but the third type, atherosclerosis, is, by all 
odds, the most frequent and the most killing of all. 


Atherosclerosis 


Arterial walls consist of three layers, intima, media, and ad- 
ventitia: it is with the intima that we are here concerned. This 1s 


: ine ithelium. 

athin connective tissue cushion, lying Just beneath the ae 
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In atherosclerosis, there is a deposition 1n the intima ser : 
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Coronary Thrombosis oe 

As time goes on, the cholesterol depositions are Increased; they 
now form crystalline masses called plaques. coniweirags these 
plaques erode the wall of the artery, forming ee a pacea 
they extend from the wall of the artery out into the bloo stream, 
making an ideal site for clots to form. To blood platelets, the 
wall of the pit or the surface of the cholesterol plaque is a foreign 
surface; they therefore rupture, as described near the end of the 
last chapter. Inside the pit or ahead of the plaque is a region of 
stagnant blood, and these two factors—platelet rupture plus stag- 
nant blood—are all that is needed. Since the surface of the clot 
itself is a foreign surface to platelets, more of them rupture; and 
in the region ahead of the clot, the blood is, again, stagnant. So 
the clot grows. A piece may be carried off and plug blood vessels 
beyond, or the clot may continue to grow to the next bifurcation 
of the vessel and clot either or both branches. When this occurs 
in the coronary circulation, and unfortunately it all too often does, 
it represents another case of coronary thrombosis. 

We have stated al] this as if it were for certain true, and must 
Now give at least a little of the supporting evidence. Leary opened 
this field of study when he fed rabbits a diet high in cholesterol 
and found that they developed hypertension, and that their coro" 
Hay arteries in many cases showed lesions for all the world like 
those found in human cases of coronary thrombosis. Since then, 
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aye (Hal most people mn ce from eating fat. At one time 
ba diet Was recommende for diabetics, and everyone was sur- 
‘ged When they began dying of coronary thrombosis. In severe 
diabetes, hypothyroidism, and some types of kidney disease, the 
blood level of cholesterol is raised; many of these people develop 
atherosclerosis. And a recent study showed that nearly twice as 
many people died of a recurrence of coronary thrombosis when 
their fat intake was uncontrolled (about 80-150 gm. per day), com- 
red to a group whose fat intake was restricted (20-25 gm. per 
day). It must be remembered that wherever there is fat there is 
cholesterol.* Although it is true that people on a high-fat diet do 
not always show a high blood cholesterol level, it does seem estab- 
lished that more of them die of coronary thrombosis, which, after 
all, is what we are worried about. It seems as if people, as their 
economic condition improves, first increase their protein intake 
up toa certain level, but beyond that, they go for fats, rich, creamy 
foods, fat gravies, etc. And the increasing incidence of coronary 
thrombosis goes right along with that tendency. American people 
are simply too well fed. 

When the President of the United States was stricken by coro- 
nary thrombosis in 1954, the public learned that all cases of cor- 
onary thrombosis do not die. Recovery is often possible, although 
one attack is frequently followed by another. If the fat intake is 
restricted, as shown in the study mentioned, this is less likely. 
The continued use of anti-coagulants, such as dicumarol, warfarin, 
and heparin, is also effective in preventing recurrences: Recovery; 
n the first place, depends on how large the occluded vessel was. If 
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arge, necrosis of the muscle fibers occurs and this ar 
during systole. This, on the X-ray photogra 
nlarged heart. In the favorable case, the dea d 
region becomes replaced by scar tissue. It is surprising how often 
at autopsy, two or even more of these scars will be found on the 
heart of a man who eventually did die of coronary thrombosis. 

Among younger people, syphilis has caused a number of death, 
from coronary thrombosis. The spirochete which causes syphilis 
is a tissue destroyer and shows a predilection for the coronary 
arteries. It may burrow a hole into the wall of an artery; and with. 
in this little pit, as before, platelets rupture, the blood is stagnant, 


the area is | 
is greatly stretched 
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and a clot forms. 


Angina Pectoris 

The word angina means “pain,” and pectoris means “of the 
chest.” While there is, of course, intense pain in coronary throm- 
bosis, the term angina pectoris is applied to a condition marked 
by attacks of excruciating pain, where there has been no occlusion 
of blood vessels. These attacks usually occur during or following 
a bout of physical exertion or excitement; in fact, John Hunter, a 
noted physician who suffered from the disease, said that he was 
“at the mercy of any fool who chose to anger him.” It is not cer- 
tain what causes these attacks, but a favored theory is that the 
nervous supply to the coronary circulation has somehow become 
“crossed,” that the sympathetics, which normally produce vaso- 
dilatation, now, in the patient with angina, produce vasoconstric- 
tion. It is easy to see how this would work during excitement or 
stress; when the blood pressure rose, such a heart would be forced 
to overcome the increased pressure with its own blood supply 
largely cut off by vasoconstriction. A point which makes this the- 
ory plausible is the fact that adrenalin, which ordinarily produces 
vasodilatation of the coronary vessels, in angina produces vasocon- 
striction. The cause of the pain in angina is easily explained. Any 
muscle, when forced to contract with its blood supply seriously cur- 
tailed, will be painful. This is the case in angina. The heart con- 
tinues to contract in spite of the deficient blood supply. 


The pain in angina is unusual in that it is not felt as originatins 
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he heart, mainly the pain is felt in the sternum (“ 
my, They say 1t 18 as if the sternum were being held ‘ i 
ow and then is given an extra twist. Pain also is felt A 
jeft shoulder, the i Mp win eter and even in the cheek. This 
type of pain 18 = t pio yams * referred to some other 
jocation- It, £00, easy 10 Sxpiain, The nerve fibers from the heart 
nter the spinal cord along with fibers from these other regions 
which have frequently “‘reported” pain to the brain, whereas ordi- 
narily the heart does not “hurt.” It seems natural, then, for the 
prain to “refer” the pain to these other regions. Other cases of 
referred pain will be encountered, but the principle is the same 
for all: when any organ which is unfamiliar to the brain in respect 
to pain feels pain, the pain will be referred to a region from which 
the brain has been receiving pain information, over nerves which 
enter the cord at the same level as do those from the offending 


breast- 


organ. 

Attempts to treat angina by cutting the pain nerves from the 
heart have not been too successful. In any case, it is debatable 
whether this is a wise procedure since, with the warning of pain 
eliminated, the patient may, without knowing it, put too great a 
strain on his heart. Drugs which cause a fall in the general blood 
pressure as well as dilatation of the coronary vessels are useful; 
such drugs are amyl nitrite and, strangely enough, nitroglycerin. 
Their action, is, however, fleeting. 


One other disease of the arterial system might be briefly men- 
tioned: Reynaud‘s disease. Here the blood vessels of the fingers 
and toes overdo their normal constriction when exposed to cold; 
they constrict powerfully and over long periods of time, com: 
pletely cutting off the blood supply. Gangrene sometimes sets 10, 
and the fingers or toes must be amputated. Usually only the toes 
one foot, for instance, will be affected. Treatment consists in 
Cutting the vasoconstrictor nerve to the foot. Permanent dilatation 
of the blood vessels of the foot follows, and that foot will always 
“© pinker and warmer than its mate, but on a cold winter night 1 


IS nj 
ice to have at least one warm foot. 
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THE CAPILLARIES 

These smallest vessels of the circulatory system have a diamete; 
approximately equal to a red blood cell; their thin walls are on! 
a single layer of endothelial cells, with no muscles and with inde. 
terminate nervous connections. However, their combined diametey 
is about 800 times that of the aorta, and their total length jg esti. 
mated as about 60,000 miles. 

Recent observations reveal that the simplicity of the capillary 
bed was highly exaggerated in the past. Actually the blood does 
not seep through the capillary bed in quite so haphazard a fashion 
as suggested by our canyon-into-meadow simile, on page 219, 
Connecting arterioles and venules we now recognize central “thor- 
oughfares”—the metarterioles. The true capillaries branch off of 
these, and the flow of blood into the capillaries is regulated by 
tiny rings of muscle called the precapillary sphincters. These sphinc- 
ters are capable of dilatation and contraction; if there is a sudden 
tissue need, a general dilatation permits much blood to enter the 
capillary bed; when the tissue is inactive, they are largely closed. 
In the latter case blood may be shunted directly into the venules 
by means of so-called arteriovenous anastomoses. 

These things have been observed of necessity in living tissue; 
a capillary bed is intimately interwoven with the tissue it nourishes 
and cannot be dissected out. A common site of study is in the thin 
sheets of mesentery that anchor the intestines to the abdominal 
wall. 

The question of nervous control of the precapillary sphincters 
is still unanswered, although certain observers believe they have 
traced nerve fibers to them, mainly from the sympathetic nervous 
system. In muscle, however, it appears that carbon dioxide and 
lactic acid, both products of food metabolism, are of greater im- 
portance in opening up new capillaries than are nerve impulses. 


THE VEINS 


The venous system starts with the venules into which the capil 
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ident that in the erect position blood returning to the he 
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art 
from the feet would have to overcome the force of gravity through 
_ distance of about 4 ft. The factors concerned with “lifting” the 


plood this distance are: (1) The impetus given the blood originally 
py the contraction of the left ventricle. This force is called the 
isa tergo- (2) Muscles of legs and abdomen support the veins and 
revent them from “giving” under the weight of blood. (3) The 
“milking” effect of muscular contraction and the sucking effect 
of the expanding thorax in respiration combine also to draw the 
blood upward. 

The veins, particularly those below heart level,* are equipped 
with one-way cupped valves, which prevent the blood from flow- 
ing backward. Therefore, a contracting muscle need move the 
blood no further than past the next valve to have accomplished 
its purpose. 

Veins, probably because of the low blood pressure and the 
absence of pulse waves, are, in comparison to arteries, relatively 
immune to disease. Phlebitis sometimes occurs, this is the forma- 
tion of blood clots within veins and is due to some infectious 
Process affecting their walls. 
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CHAPTER 10 


EXTERNAL AND INTERNAL 


The physiological role of respiration is to supply the tissues with 
oxygen and remove carbon dioxide wastes from them, To do so, 
the lungs must periodically take in fresh atmospheric air and expel 
used air. Thus respiration may be said to have two phases, or to 
function at two levels in the body, 

Later in this chapter we will consider internal respiration, which 
involves (1) the passage of oxygen from the lungs into the blood, 
(2) transporting oxygen to the tissues, (3) passage of oxygen into 
the tissues from the blood, and these three steps, in reverse order, 
applied to the elimination of carbon dioxide. But before we can 
describe the gaseous exchange at a ¢ellular level, we must explain 
the operation called “breathing,” or external respiration. 


THE MECHANICS OF BREATHING 


The first sketch of this chapter shows the anatomy of that pat! 
of the respiratory system concerned with getting air into and oul 
of the lungs. It shows the route through the nose and mouth, into 
the pharynx (throat), on through the larynx (“voice box”), down 
the trachea (“windpipe”’), and into the bronchial tubes leading 
into the lungs. This is the path of inspired air. 
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THE ANATOMY OF EXTERNAL RESPIRATION 


The mechanics of breathing is based on Boyle’s law, which 
ays that “if the volume of a container is increased, the pressure 
within it is decreased.” The thorax (chest) is such a container—a 
dosed box containing the expansible lungs—opening to the out- 
side by way of the trachea. If the volume of the thorax is increased, 
itis in inspiration, the pressure within it falls, and air flows into 
the lungs. Then, in expiration, the volume of the thorax is reduced 
’8 the pressure within rises, and air is forced out. We have now 
0 explain how the thorax volume is increased and decreased 
during breathing. 


The Acti 
® Action of the Diaphragm 


Lik : : ; 
ns any box, the thorax has three dimensions: eagen 
MNio- ‘ , ’ 
The °-caudal); sideways (lateral); and fore-and-aft (dorso-ventra ) 
Tst of these is increased during inspiration by the contrac 
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; : m, which is a thin but strong . 
tion of the diaphragm, g muscle le, 


separating the thorax from the abdomen. Dome-shaped, its She 
are attached at the edges to the body wall; in the center they en 
to a movable structure, the central tendon, Wh are 


attached , en th 
i n is pulled downward, - € 
fibers contract, this tendon 1s p and the diaphrage, 


becomes less bowed. 

Barring a little intestinal gas, the organs below it cannot he 
compressed. Something must give, and it is the wall of the abdo. 
men that does so. Anyone can observe this action by watching ‘i 
own abdominal wall move outward during natural inspiration, OF 
course, the abdomen can be held rigid, in which case more of da 
work of breathing falls to the ribs. Certain training programs 
such as that of the military, recommend this, probably to facilitate 
traditional “military bearing.” 


The Action of the Ribs 


The thoracic volume is further increased during inspiration by 
the outward and upward excursion of the ribs, specifically ribs 2 
through 10. Each of these ribs is attached to the vertebral column 
at a point somewhat higher than its anterior attachment to the 
sternum, so that contraction of the intercostal muscles pulls the 
ribs up and slightly outward. The accompanying side view of the 
rib cage shows the downward slope of the relaxed ribs. This cor- 
responds to the sketch on the left in the illustration of “rib action.” 
(The one on the right shows the ribs at the height of inspiration.) 


Inspiration vs. Expiration 


The hingelike connections at the spinal column make this rib 
action possible. but it is brought about by contraction of the 
muscles known as the external intercostals (‘between the ribs”). AS 
is characteristic of the body, this action is opposed by another 
muscle group—the internal intercostals. These are stretched by the 
movement of the ribs during inspiration, at the same time that the 
belly wall is being stretched by the flattening out of the diaphrag™ 
Inspiration completed, the two active members—the external ir 
tercostals and the diaphragm—relax. The passively stretched belly 
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wall and internal intercostals then simply put things back the way 
they were; the muscles passively pull the ribs back down, and the 
belly wall passively presses the diaphragm back upward. 

All this is aided and abetted by the lungs themselves. They con- 
tain a great deal of elastic tissue which has also been stretched 
during inspiration. This is a mechanical necessity, since the two 
pleural coats—on the outside of the lungs and on the inside of the 
chest wall—adhere to each other by surface tension, there being 
a thin film of fluid between them. Where the chest wall goes, the 
lung surface must go also; and where the diaphragm goes, the ad- 
jacent section of lung surface must follow for the same reason. 

Inspiration, then, stretches the elastic tissue of the lungs, but 
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relaxation of the active muscle groups, the lungs “recoj] ? 
Ips to pull the diaphragm up and the chest wal| in, Once 
inspiration as an active, muscular process, while 

purely passive and involves no active 


with 
which he 
more we see 
nary expiration is 
tion of any muscles. | | 

The volume of air—about 500 cc.—which flows in and out Of the 
lungs with each respiration 1s called the tidal air. Much more will 
be said of it in a later discussion of the air we breathe, but ri 
seems to be the place to note that the diaphragm’s movement = 
counts for 60 per cent of the thoracic expansion; the ribs do the 


Ord). 
CONtrac, 


rest. 


Forced Expiration 

If it is desirable to expel more air from the lungs than is ex. 
pelled in quiet respiration, it is done by the process of “forced ex- 
piration.” The abdominal wall actively contracts and the internal 
intercostals actively contract. This forces the diaphragm higher 
than its normal position and pulls the ribs in closer than they nor- 
mally are. This still further reduces the volume of the thorax, and 
additional air is forced out. We do not use forced expiration a 
great deal, and the muscle groups involved in it quickly become 
fatigued. This is the chief difficulty encountered in asthma. The 
bronchioles are to the respiratory system what the arterioles are to 
the circulatory; they are tiny tubes which open into the alveoli 
(“air sacs”), where the gaseous interchange of respiration takes 
place. Like the arterioles, they are equipped with a muscle wall. 
In asthma, for reasons described below, the walls of the bronchi- 
oles are constricted, increasing the resistance to the flow of air. 
One might think that the resistance would be equal in the two 
directions, yet the asthmatic experiences his greatest difficulty in 
forcing the air out. This is because, as was explained, inspiration 
is a powerful muscular activity, powerful enough to overcome the 
resistance of the constricted bronchioles easily. Expiration, how- 
ever, 1s passive, with no force behind it. Therefore, the asthmatic 
must make use of forced expiration during the time he has om 
attack. Anyone who has ever seen and sympathized with a patient 
having an asthmatic paroxysm will appreciate how terribly fatigue 
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i hoor here, 
: 2 € Dro i 
i! "re nalin; this makes adrenalin a very helpful ae 
yore ment of asthma. 
he ~ is an example of an allergy. Allergies are antigen-anti 
AS mctions of a sort harmful to the body, Antibodies mit 
ws . jjssue cells, rather than circulating freely in the blood. 
fix they encounter their antigen, the reaction takes place on 
ne tissue cells. In the case of asthma, the antibodies are attached 
t he muscle fibers of the bronchioles, and when the reaction 
10 urs, the fibers constrict. It seems likely that the chemical sub- 
“— histamine is produced by the reaction and it is actually his- 
amine which causes the muscular contraction, which explains 
shy the antihistamine drugs (such as benadryl) are frequently 
effective in treatment. Feathers, house dust, the hair of animals— 
especially horses—frequently cause sensitization, i.e., the establish- 
ment of an allergy. The specificity of an antibody for its antigen is 
often perfectly amazing; men have become sensitized to the dan- 
druff of their wife’s hair—but not to that of other women (sic)— 


and have procured divorces for that reason. 


it has been mentioned, but should be 


es. ; ; . . 
‘ pec neti c stimulation causes dilatation of t 
mp 


NERVOUS CONTROL OF RESPIRATION 


So far we have seen that respiration is essentially due to the con- 
traction of certain muscles; we have now to explain what causes 
these muscles to contract. 


Motor Nerves to Respiratory Muscles 


Respiration is, up to a point, voluntary (one can hold his breath, 
ireathe faster or more slowly, etc.) This indicates that respiration 
complished by voluntary muscles which contract as the result 
receiving nerve impulses. The motor nerves to the intercostal 
Muscles leave the spinal column with the thoracic nerves. The 
ie to the diaphragm are, however, a special case. Sipe 
fave the ns chal location, one would expect 1ts motor pais tn 
Upper Ia Spinal cord either in the lower thoracic region yee 
Nerves a this is not the case. The phrenic nerves, Do 

ich serve the diaphragm are called, actually ta 
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n the 4th and 5th cervical spina] ner 
be Vey 


: ock, fror 
, in the neck, | 
well up the thorax, where they lie on the surface Of the 

; 1¢ 


ce yrough 1 the s 
som tls the diaphragm "Y ene 18 explainabl. 
embryologically. The diaphragm “se ou ps lopment high is 
in the thorax and is innervated at that time. As it descends t, ns 
permanent location, the nerve fibers grow down ward along with it 

This peculiar location of the phreale nerves is advantageous fn 
several respects. In the operation phrenicectomy, used in the treat. 
ment of tuberculosis (more frequently in the past than today), the 
phrenics can be reached much more easily in the neck than by in. 

operation was often done for the purpose of 


vading the thorax. This 
“immobilizing” the lung. When a phrenic nerve was cut, the half 
of the diaphragm which it served was paralyzed and no longer 


descended with each inspiration. Not only that, the pressure in 
the abdomen actually forced it upward into the thorax. It is also 
of advantage in cases of ascending poliomyelitis where the virus 
descends the spinal cord without doing any harm, but then re- 
verses its field and starts back up again, destroying nerve cells as it 
does so. If the phrenics took off well down in the cord, they would 
be among the first to go and the diaphragm’s contribution to breath- 
ing would be lost. The result might well be fatal. As it is, the 
intercostals go first, so there is the hope that the disease will be 
arrested before the neck region (where the phrenics take off) has 


been reached. 


The Respiratory Center 

Now that we have described the nerve supply of the muscles of 
respiration, we ask next, Where do these fibers originate? It is not 
surprising—in view of what we have encountered before when 
there was a complicated task like respiration to be performed—to 
find a special region in the nervous system set aside to control the 
activity. And so there is such a region, called the “respiratory cen- 
ter,” located in the medulla of the brain. From this center a burst 
of nerve impulses is sent down the phrenics to the diaphragm— 
aon inp po ar onan meso mute 
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4, Alter the impulses that produce | 25) 
at' “nwirs = Ns NT; 
ptt espirator cle Pllation fy), 
a ‘red, the resp ‘ y muscles relax, and ae have thas 
, p . aCK "PENH ] ‘pPlrat 
pe re will come back to the respiratory center a J) ION follesty 
ibe its ani nal A Dit later 
47) 10 describe its anatomy in detail. But firs, ne eT (on p 
gr 6 fp ® . “ 
* _ stimulates the center to do its work INUSt Consider 
ha KX. 
wie 
ning Nerve impulses 
jnco 
The respiratory center receives stimulation over yaric 
. c uy nery- 


sys pathways: including the following. 


The Hering-Breuer reflex.—Sensory nerve endings exist ; 
ngs and are stimulated by the stretch of the air oil a is : 
with air during inspiration. The fibers carrying these ~ 
ass upward in the vagus nerves and reach the respirator sn 
Their effect on the center is to inhibit the inspiratory ri gn 
or rather, to inhibit the burst of nerve impulses which the eoniees 
s sending out, and which cause the inspiratory movement, In- 
ation ceases, and expiration follows. If the vagi are cut, respira- 
tion continues, but is much deeper and slower than before. The 
record shows what happens to a rat’s respiration as first one, and 
then the other, vagus is cut. 

Nerve impulses from the body as a whole.—The screaming, 
yelling, and gasping noises which emerge from a locker room when 
cold showers are being taken; the gasp one gives when plunging 
through the ice into cold water; the gasp, usually followed by 
rapid breathing, when pain is ‘nflicted—all of these are examples 
of how stimulation of cold or pain nerves in the body as a whole 


affect respiration. 

Emotional stimulation.—Emotion 
ways. During excitement, one breathes rapidly: pte iration: 
ly, Laughing and crying are modified types of respira : 


1€ 


spir 


affects respirauon 1 various 
n bored, slow- 
the 
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emotions that cause them are said to be akin. and the; 
~S“IT eff. 


respiration is not too different. In laughing, the inspiragio. 
longed and expiration 1s broken (“aaaah, ha, ha, ha”). "OD is pee 
inspiration is broken and expiration prolonged “ah ‘i in 
aaaaah”’). = 
Voluntary control.—The respiratory center differs from the. 
diac and vasomotor centers in that it is subject to voluntary eal 
trol. A few Yogi have disciplined themselves to the point ie 
they are able, to some extent, to control their heart rate ang bine 
pressure. Experimentally it has been shown that stimulation of 
certain regions of the cerebral cortex, where voluntary activiry i. 
initiated, are followed by changes in these functions, that is Rial 
ous pathways from the cortex to these centers do exist. While the 
ordinary person cannot exercise voluntary control over his hean 
rate, he can hold his breath and alter his rate of breathing. Hoy. 
ever, voluntary control over respiration is limited. No one ap 
hold his breath indefinitely; about 30 sec. is the limit for an yp. 
trained person. The reason for this will be explained later. 
Conscious control of the respiratory center is of great impor- 
tance in talking, singing, etc. The vocal cords, located at the upper 
opening—glottis—of the larynx, are set into vibration by the stream 
of air passing between them during expiration. The pitch of the 
tone is dependent upon their tautness, that is, their degree of con- 
striction, which is also under voluntary control. The volume of 
the emitted sound is a function of the strength of the blast of ait 
being sent through. Anyone who has ever heard a soprano hold 
a high note for what seems like an eternity, must marvel at the 
control of the respiratory center which she is demonstrating. 
Coughing and sneezing.—These are called “protective” reflexes 
since they are designed to remove foreign objects from the 2IF 
passages. One cause of violent coughing occurs when one inhales 
food accidently, getting it into the trachea. (This is also referred 
to as getting it into one’s “Sunday throat,” or “down the sa 
windpipe.”) Sensory nerve endings, with which the trachea is : “ 
supplied, are stimulated by the presence of foreign material. 7 
sequence of events follows: First, a breath is taken order 
have the lungs full of air. Then the expiratory muscles (those * 
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- expiration) contract violently, 
in for ening of the larynx into the phar 
his ' certain muscles which pull the |a 
jo ngiNg epiglottis. This builds up 

et 


ve 
4 pin the Jungs. Suddenly the larynx js lowered, which 
a > Which m 
- the glottis 1s opened, and a blast of air €scapes from the | eans 
€ lungs, 


one hopes it carries the offending material out with it. 
gneezing is very similar, except that it occurs Ww 
ir passages: rather than the lower, are irritated. 
is above until the larynx is lowered and the blas 
at this moment the tongue arches upward against the palate, and 
she opening of the pharynx into the mouth cavity is partly closed, 
The blast of air is directed momentarily upward and out through 
the nose. Some air does escape through the nose; the tongue is then 
lowered, and most of the air leaves by way of the mouth. Sneezing 
is more “explosive” than coughing and also less under voluntary 
control. Anyone can simulate coughing, but few can simulate a 
good hearty sneeze. 

In the above discussion, it will have been noted that the effect 
of nerve impulses on the respiratory center has been, merely, to 
modify the respiration that was already going on. After all, we are 
not coughing, sneezing, suffering from some emotion, or con- 
sciously breathing very much of the time. In fact, it can be shown 
that respiration continues even though all sensory nerves to the 
respiratory center be cut. The nervous control of respiration does 
not answer the question, What stimulates the respiratory center 
to discharge a burst of nerve impulses every 4 sec., impulses that 
tesult in inspiration? 


253 
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Things happen 
t of air escapes; 


CHEMICAL CONTROL OF RESPIRATION 


If any reasonably bright student were asked to design a respira- 
tory center, he would first ask, What is the center for? When told 
Mat it was to control respiration, he would ask, What 
t'on for? He would be told that it was for the purpose af ay 
°X¥8en to the body and removing carbon dioxide. The reasonably 


is respira- 
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ight ponder a bit and then say, Well, ley . 
a respiratory center made of . ee i of nerve cells that ent 
culiarly sensitive to concentrations of oxygen and carbon diox be. 
Then if the blood flowing through the center were ever dren 
in oxygen, this would stimulate the center to greater activity. er 
erson would breathe faster and deeper and get more oxygen ine 
the body. Or if the blood flowing through the center container 
a higher concentration of carbon dioxide than usual, this seats 
also initiate greater activity. This time the person would bien, 
faster and deeper to get rid of the excess carbon dioxide, € 

The student would get a big fat A, because his “design” ap 
proximates the human plan which we know works pretty well 
The only difference is that the actual respiratory center js ‘ne 
stimulated greatly by oxygen lack. It is an increase of carbon 
dioxide in the blood passing through it that prompts the respira. 
tory center to send out the nerve impulses that initiate breathing, 


bright student m 


Carbon Dioxide as Chief Stimulus 

There are at least two physical factors that account for the 
greater influence of carbon dioxide in regulating respiration. First, 
carbon dioxide molecules pass through cell membranes much 
more easily than oxygen molecules do. Therefore changes in the 
concentration of carbon dioxide in the environment surrounding 
the cell will be more quickly reflected in similar changes within 
the cell itself. Second, carbon dioxide is reactive, while oxygen is 
not. Carbon dioxide reacts with water to form carbonic acid, 
thereby altering the pH within the cell. 

It might be argued that it really does not matter which of the 
two, carbon dioxide or oxygen, has the greater effect. This is true 
only at sea level, where the respiratory center evolved.* At sea 
level any oxygen lack is due to oxygen use; increased oxygen - 
leads to increased carbon dioxide production and its stimulating 
effect on the respiratory center; increasing respiration makes ba 
the oxygen lack. If, however, the oxygen lack is not accompanied 


* * ° P _In 
ae Se pe did not crawl from the sea and go directly to the top of Mt. Everest 
ms of evolution, our bodies are still much closer to the sea than the heights. 
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creased carbon dioxide production, as at high altitudes, then 
by st that oxygen lack is not a good stimulus to respiration b 
rhe : disadvantageous to the body, as will be shown liter = 
“es nave been postulating that what stimulates the respiratory 
entet to make us take a breath every 4 sec. is the rise in the asia: 
jioxide content of the blood. We will now present the evidence 
iat (1) the respiratory center 1s extremely sensitive to such in- 
“eases in COz; (2) that a considerable rise does occur between 


preaths; and (3) that if this rise is somehow prevented, breathing 


ceases. _ i 
|, Sensitrvily of the respiratory center to increased CO, in the 


plood.—First of all, how does one go about increasing the carbon 
dioxide concentration of the blood? Since the outside air contains 
practically no carbon dioxide (0.03 per cent), inspiration brings no 
carbon dioxide into the lungs, while expiration takes some out. 
Normal breathing is so adjusted that the percentage of carbon 
dioxide in the lungs is held at an average level of 5.6. However, if 
a person breathes air to which carbon dioxide has been added, the 
carbon dioxide concentration within the air sacs increases. Arterial 
blood leaves the lungs and goes out to the body, including the 
respiratory center, carrying carbon dioxide in equilibrium with 
that in the air sacs. Breathing this artificial mixture therefore 
raises the carbon dioxide concentration of the blood, also. 

By such experiments, the extreme sensitivity of the respiratory 
center to carbon dioxide concentration has been demonstrated. It 
has been found that an increase of as little as 0.2 per cent, thus in- 
creasing the COz in the air sacs from 5.6 to 5.8 per cent will double 
the pulmonary ventilation. This is the volume of air that passes 
through the lungs per minute. It is the product of the rate of 
respiration and the tidal air. At rest, the rate is about 15 per 
minute, and the tidal air is about 500 cc.; the pulmonary ventila- 
tion at rest is, therefore, about 7,500 cc. 

2. Rise in CO. between breaths.-Having shown the extreme 
Sensitivity of the respiratory center to carbon dioxide, let us see 
Whether any significant rise occurs in the short interval between 
breaths. The following figures are known: 


Air in lungs at start of inspiration.........0.. 0 2,500 c 
CO, content... -.- 61-6. cccene, 5.6%, or 140 . 
CO. entering lungs from blood.......... 200 cc/min, or + Fo 
between breaths 

14+ 149 
Rise in CO, between breaths................. S500 ss 
6+ 9, 


If the respiratory center’s activity is doubled by a rise to 58 per 
cent it seems that a rise to 6 per cent might well be stimulato 
We have not actually proved anything yet; we have merely said 
that it might be. But if we can prove that preventing these rises 
from occurring will stop breathing, the case is pretty well estab. 


lished. 

3. The effect of preventing a rise in CO2.—Since the “effect” in. 
volved here, if it is to be demonstrated experimentally, must halt 
a human's breathing, the student will forgive a brief digression 
into the apparatus and method. 


Many years ago, Thunberg developed a chamber for giving artificial 
respiration which he called a barospirator. The patient was placed en- 
tirely within the chamber, and then air under pressure was pumped in. 
Let’s see the reason. 

If the pressure of air in the lungs is increased, the number of oxygen 
molecules is correspondingly increased. If the pressure is raised by 150 
mm., the number is increased by about one fifth, assuming sea level 
conditions, where the pressure is 760 mm. In normal breathing, about 
500 cc. additional air is taken into the lungs per breath and added to 
the 2,500 cc. already there. This is also one fifth. So the Thunberg 
barospirator, by increasing the pressure, did the same thing that breath- 
ing does by increasing the volume. This chamber was never very widely 
used in giving artificial respiration. Soon afterward, the Drinker 
chamber, invented by Dr. Drinker of Harvard, appeared. This is 4 
more practical chamber, since it requires much less pressure. 

_ Next to appear on the scene was a Dr. Barrach, who was not interested 

in artificial respiration, but was interested in the treatment of tuber- 

culosis. We have already seen how a lung can be immobilized by cut 

"ing a phrenic nerve, pneumothorax—the introduction of air between ! ‘ 

a abe -S ine the same thing. But this could only ie Sl 

lungs? a off d it be possible, Barrach wondered, to immob! that is, 
r words, could a person live without breathing, 


eeenal 9g 
atory movements of chest and 7 
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Rie in breathing, but 
roducing a Partition, 


, did : 
te which nto th 
ough . ‘ : e forwar 
pros mber and by introducing a variable resistance into . ae 
OW O 


a es . : 
"4 ‘ou h the P ee ie sae being equal to that encoun. 
the air in passing t rough the bronchial tree—it un 
rere’ vilate the patient without any movement of the i possible 
yo ven and consequently without the lungs being ex stidat oF Gi 
ae The patient, then, lived without “breathing” “oo 
st only does the Thunberg barospirator (or the Barrach modifica- 
ion of it) supply oxygen; it also removes carbon dioxide from the 
iungs. When the pressure in the chamber is released, the pressure 
within the lungs falls; that is, molecules escape from the lungs. But 
molecules are, in part, carbon dioxide molecules which were part 
of the air in the lungs. In the operation of the chamber, the release of 
resure and escape of carbon dioxide brings the CO, level to a point 
lower than that required to stimulate the respiratory center. So the per- 


son makes no effort to breathe. 


these 


After what has no doubt seemed like a long digression, we come 
to the essential point of this section: The person in the Barrach 
chamber can breathe, voluntarily, any time he wishes; the pressure 
in the chamber does not prevent him from breathing. He does not 
breathe simply because the normal rises in the carbon dioxide con- 
centration in his blood have been prevented. This is obviously the 


chief stimulus to the respiratory center. 


The Respiratory Center as Chief Control 


However, it must be stated that the foregoin 
a ontrol of respiration is not a universal view. 
€r itself exerts the control by a three-stage © et 
‘perimental evidence shows that the respiratory center apne’ 
hee an inspiratory center, an expiratory center, ae eae 
lO be . pneumotaxic” center. The inspiratory we ddl 
; a a constant state of excitability. If 1t were cut s penne 
ng nerve impulses, it would produce a maintain 


g explanation of 
Some believe the 
ycle of operation. 
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tion of the muscles of inspiration. The expiratory center 
the same for the muscles of expiration. ld dg 
The mechanism works like this: The inspiratory center 
Sen, 


impulses to the muscles of inspiration, but also sends impuls 
the pneumotaxic center, which, in turn, sends impulses to th ‘s 
piratory center. The expiratory sini sends impulses ts in 
expiratory muscles, but also sends inhibitory impulses to the the 
spiratory center. This, then, cuts off inspiration and Produces = 
piration. After a while, the pneumotaxic center’s activity fi 
down, inspiration again occurs and so the cycle is repeated, T ‘i 
previously mentioned Hering-Breuer reflex works right along on 
these centers; its action being exerted upon the expiratory center 
through which it exerts its inhibitory effect on inspiration, 
The chief criticism of this theory is that it makes of expiration 
an active, not a passive, process. If, as was just said, the pneumo. 
taxic center sends nerve impulses to the expiratory center and the 
latter stimulates the muscles of expiration to actively contract, 
then all that has been said before about expiration being purely 
passive goes by the boards. But the mechanisms mentioned, ice., 
stretched wall of abdomen, stretched internal intercostals, and 
stretched elastic tissue of the lungs, seem adequate to produce ex: 
piration without help from actively contracting expiratory mus- 
cles, although such a mechanism would, of course, be essential for 


forced expiration. 


The Hyperpnea of Exercise 

The above has all concerned normal, quiet breathing. We now 
wish to consider the hyperpnea (overventilation) of exercise, charac- 
terized by greatly increased rate and depth of breathing. It is very 
easy to say that in exercise, with the tremendous amounts of car- 
bon dioxide being produced, its concentration must rise to great 
heights and its stimulation of the respiratory center be responsible 
for the changes in breathing. However, the concentration of car 
bon dioxide in the air sacs is never over 6 per cent and may be less. 
The ventilation is so great that any great rise in the carbon 
dioxide concentration in the air sacs is prevented from occurring: 
Even when breathing 10 per cent carbon dioxide, a pulmonay 
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‘ (jon 5 : . ved, 
i ie may actually rise as high as 120 liters However, in 
i , 


so plem Was attacked by Harrison. He exerci 
d, of course, that the dog’s breathin an 
powever, he ran the blood from ie 
ie? jigxide produced by the exercise into anoth = 
cat b9 Jog continued to breathe nearly as deeply and a 
set! t the second dog’s ventilation increased onl 
or that it was not the carbon dioxide which wa 
of the h erventilation, since the exercised dog was 
it, While the second dog was. He then cut the femteral longer 
nerve Jeading from the leg to the spinal cord of the mache coms 
€ found that the breathing was considerably reduced, no og, 
severely the leg was exercised, It seems, then, that the 4 : ours 
, is largely controlled by the nervous system. The ctimouluy f 
erve endings is probably carbon dioxide and other notes 
roduced in the exercising muscle. 
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me Tapid and 
containing the 
dog. The exer. 
S rapidly as be- 
y a little. This 
S responsible for 
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bolic wastes P 
A final word as to the action of carbon dioxide on the respira- 
tory center. It explains, for instance, why the breath cannot be 
held indefinitely. If one holds his breath, the carbon dioxide can- 
not escape, and it piles up in the air sacs. The arterial blood leaves 
the lungs with its carbon dioxide in equilibrium with that in the 
air sacs, consequently its concentration rises as well. Finally, its 
simulating effect on the center becomes overwhelming, and no 
matter how hard one tries to hold the breath longer, he cannot.* 
This also explains the beginning of respiration at birth. Al- 
though undoubtedly some respiratory movements occur in utero, 
most babies are not actively breathing at birth. Soon, though, the 
carbon dioxide level in the blood has risen to a high enough level 
to “trigger” the respiratory center, occasionally a few resounding 
slaps on the baby’s posterior are required to accelerate the process. 
— is apt to become greatly alarmed when her baby ee 
ath during a temper tantrum. She need not worry. 

‘ «a suggestion that 
dation and Be one 


do, you 
ours, but before you 
ort minute or S0- This has the 


rmal level; the advan- 


* 

wil bo should be some practical values in € 
He holds hee to win a few bets by holding y 
terventilate, breath and you time him, Then you 
“Het of Ms that is, you breathe rapidly and deeply for 4 
"age Yo €ducing the carbon dioxide in the air sacs below its norma 
ave is in the time it takes you to build back up to normal. 
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though the baby turns purple, it cannot hold its — 
enough to do any harm. She should be sure, of course, that ; lon 
temper tantrum and that the baby has not inhaled a ‘Sti It is g 
dime and is actually choking to death. ON or g 


Oxygen Lack as a Poor Stimulus 


It has already been said that oxygen lack is a very poor stimu] 
to the respiratory center. Actually, it does not stimulate the he 
at all. Whatever effect oxygen lack does have is exerted by wa f 
the carotid bodies. These are small structures located in ie 
walls of the carotid sinus. They contain sensory nerve endings 
(chemoreceptors) which are stimulated by oxygen lack, and nerve 
impulses pass from them, over the sinus nerve, to the respiratory 
center. They seem to be a sort of evolutionary after-thought. 
When oxygen lack becomes severe, they do stimulate the respira- 
tory center, but inefficiently. In some situations, absence of an 
adequate warning device emerges as a genuine human defect, as 
we shall see in the following cases. 

If the oxygen lack is suddenly incurred, there is no increase in res- 
piration.—Then the carotid bodies do not respond. It sometimes 
happens that a coal miner will stumble through a partition in a 
coal mine into a chamber full of coal gas (methane). This is quite 
harmless (unless he lights a match), but the point is that the cham- 
ber contains no oxygen. He will continue to work and then, 
suddenly, lose consciousness, without there having been any re- 
sponse on the part of the carotid bodies toward increased ventila- 
tion. Of course, in this case, it is perfectly true that increased 
breathing would have done him no good, but one expects, with 
the oxygen concentration falling toward zero, at least some in- 


crease in respiration. 
If incurred slowly, the fall in Oz mus 


in the slow ascent to high altitudes, the respiratory center i : 
sacs has 


greatly affected until the oxygen concentration in the air : 
‘< ic in shat 
fallen to 7 per cent (from the normal 14 per cent). This 1s 10 $ “i 
var ; tila- 

contrast to carbon dioxide, which causes the pulmonary ven 


, 
tion to double when it rises only 0.2 per cent. It 1s doubtful whethe 


t be great.—For instance, 
5 not 
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ee ‘ re 
deg! ; » ever 
yee ventilation. doubles the 


w) 004 i? l t ‘ 
ee gel lack oF ae : y 10 increase rate of respirati 
xyé ‘ Z Po a : 
(x) sh. Rapid, shallow respiration js inefficient “pe rather 
- Per aps thi 
Ss This 


phat! de irs explanation. If a pulmonary ventilat; 

pin nired, it might not seem to matter wheth rin of 5 liters 

yer . 500 cc. ten times a minute, or by breathin 7 met b 

er |, minute. Either gives a product of five liters B 0 cc. fifty 

rime and matters greatly. It must be remembered ‘her ¢ is ee 
e on 

and the 


_ that oxygen can leave the air and enter the blood 

only place that carbon dioxide can leave the blood and iro the 
i) 8 in the alveoli. However, the trachea and bronchial tree con- 
ain a large volume of air, about 150 cc. This is called the dead 
sit space: If one breathed no more than 150 cc. per breath, this 
column of air would simply move into and out of the air sacs, and 
qlmost no fresh air would enter. So for a person to breathe only 
100 cc. of air per breath would do him no good; he might as well 
not be breathing at all. This is, of course, extreme, but the propor- 
tion of “dead” air to fresh air is greater the more rapid and shallow 


é 


the respiration. 
Cheyne-Stokes respiration.—A peculiar type of breathing occurs 


when the body is suffering from a severe oxygen lack. It is called 
“Cheyne-Stokes respiration” and is watched for in pneumonia pa- 
tients. When it occurs it means that such a patient should be im- 
mediately placed under an oxygen tent. Cheyne-Stokes respiration 
is explained as follows. At the end of a period of no breathing, 
oxygen has largely been removed from the blood, and oxygen lack 
how acts as a stimulus to the respiratory center. During the burst 
of breathing, the oxygen lack is met, but carbon dioxide is washed 
out of the air sacs as well; at this point there is no stimulus to 
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breathing at all and breathing ceases, During the 

period, carbon dioxide builds up, but so does the ae eatin, 
til the latter again acts to stimulate the respirato, eN lac 
occurs mainly during sleep, when the respiratory oa centers 
free from the influence of nerve impulses and ena ed 1S lay 
by the blood gases. Pon m 


8ely 
ainly 


THE AIR WE BREATHE 
Lung Volumes Defined 


. When speaking of the amount of air in the lungs, it is often aq 
visable to be more specific, since this amount depends on whet : ' 
the person was breathing naturally or forcefully. The follow} ‘ 
are the semi-official terms used by physiologists, with a few a 
mon synonyms thrown in. 

Tidal volume.—This volume, which we also call “tidal air,” js 
the amount that passes in and out of the lungs in a single natural 
breath. It is 400-500 cc. during quiet breathing, but in violent 
exercise, it may be increased to 3,000 or more. 

Inspiratory reserve volume.—This is the extra air, the amount 
in excess of the tidal volume that can be taken into the lungs if the 
person expends every effort; about 2,500 cc. It is also called “com- 
plemental air.” 

Expiratory reserve volume.—This is the amount that the person 
can force out after a normal exhalation; about 1,500 cc. Also called 
“supplemental air.” 

Vital capacity.—This is the sum of the three volumes above. It is 
defined as “the maximum amount of gas that can be expelled from 
the lungs after a maximal inspiration.” 

Residual volume, or air.—Under no circumstances can a person 
force all the air out of his lungs, not even if he were able to press 
his chestbone against his backbone and force his diaphragm UP 


jon, Dr. 
*I remember very well one night on the top of Mt. Evans. - ors ge some: 


Stearns, slept in the bunk beside mine. I had not been sleeping ver had stoppe 
where between sleeping and waking, I became aware of the fact that + word, has 
breathing. I sat up, listened, and he had stopped breathing. I pepiserenin pefore, 
the man died? Then he started again and I realized what I should have tion. I timed 
that he was giving an excellent demonstration of Cheyne-Stokes respit4 

some of the non-breathing periods, and the longest was 40 sec. 
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SPIROMETER 


COUNTERWEIGHT 


KYMOGRAPH 


SURROUNDED 
BY WATER 


DETERMINATION OF VITAL CAPACITY 


into his throat. About 1,000 cc. remains and can be released only 

by opening the thoracic cavity. Even then, a bit will be trapped in 

the air sacs, the walls of which become compressed before all the 

Sipe escape. This is called “minimal air” and amounts to 50- 
ce.* 


Vital Capacity Measurement 


This evaluation is made with a spirometer, shown in the accom- 
panying sketch. The values derived do not mean much in compar- 
ing one individual with another. A long, lean individual may have 
a larger vital capacity than the robust, fullback type. This is be- 
cause in slender people, the diaphragm may be highly bowed and 
so descend further, while in the barrel-chested type, it may be 


quite flat. Vital capacity measurements are meaningful, however, 
e follow-up of cases of tuberculosis 


as individual gauges, such as th ilosi 
idual’s vital capacity 1s 


and in recovery from polio; if the indiv 


gs float in water. 
edico-legal cases 
ied following 
ve breathed; 


* Minimal air has a special significance in that it makes excised lun 
(Hence they are sometimes called “Jights.’’)- This serves as a test in ~ 
when the point at issue is whether a baby was stillborn OT whether ae 
bith. If the lungs float when removed from the thorax, the baby must ha 


if they e: ; 
they sink, it was stillborn. 
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making progress: 
position OF DRY Gases (PER CENT) 


CoM 
Inspired Air es 5 
(Atmospheric) Expired Air Alveslar Ai; 
20.97 Ov 16 Oy uO, 
0.03 CO, $.5-6 CO, 56 CO, 
799 N- 79-80.5 N O4.N 2 


Composition of the Air 
The changes which the air undergoes in breathing are implied 


in the accompanying table, which may arouse some concern, How 
is it that the body abstracts 5 cc. oxygen from every 100 cc. air 
breathed but may only replace it with 3.5 cc. carbon dioxide? Why 
doesn’t such a person eventually swell up like a toad in a hail. 
storm, and burst. 

The answer is that the difference is made up in water vapor. It 
will be noted that the percentages given are for dry gases. This 
is done to avoid the complication of including water vapor, which 
is extremely variable. Thus on a cold, clear day, the air may con- 
tain only 0.5 per cent H.O while ona hot, muggy day, it may contain 
5 per cent. The air in the air sacs is always saturated with water va- 
por, representing about 6 per cent of the total gas. This water comes 


from the blood, the great reservoir of the body from which water 
which water may be added. The reason why the 
5 cc. and at other times 
nd 


may escape or to 
ratio of CO» to Oy may at times be 3.5 cc. to 
be 5:5 depends on the type of food being burned by the body a 


will be discussed later. 

Why is the oxygen in the lungs only 14 per cent, while in the 
expired air, it is 16 per cent? 

This brings in the dead air s 
expired air in a normally breathing pe 
air with an oxygen percentage of 21 in trachea-bronchia 
which is mixed in expiration with air from the air sacs. The 
“dead air space” has a volume of 150 cc.; that from the air 
sacs has a volume of 350 cc., assuming a tidal air of 500 cc. 
So 150 cc. of air containing 21 per cent oxygen mixes with 


pace previously mentioned. The 
rson consists of outside 
| tubes 
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350 cc. containing I4 per cent oxygen w 


hich m 
Sas al eans : 
expired air will be composed as follows that the 


150 cc. at 21% = 31.5 cc, 0, 
350 ce, at 14% = 49.0 cc. 0, 
Total in expired air = 80.5 cc. O, 


80 
09 — 16% 

One might also wonder about the carbon dioxide concentration 
of the atmosphere. With all the humans, animals, and above all, 
furnaces and automobiles, constantly adding carbon dioxide, one 
might think that its concentration should be rising. Plants, how- 
ever, account for the removal of much of the carbon dioxide. By 
the process of photosynthesis, in which chlorophyll, the green pig- 
ment in the leaves of plants, utilizes sunlight as a source of energy, 
plants can convert CO, and H,O into formaldehyde and oxygen. 
In this way they not only remove CO: but actually restore Oz to 
the air. The formaldehyde is a very reactive compound and repre- 
sents the starting point for the synthesis of sugars and starches. 

Whether plants will continue to be capable of coping with our 
industrial civilization is, in the opinion of some, doubtful. In fact, 
it is estimated that the carbon dioxide content of the air is rising. 
If it is true, as some meteorologists believe, that the mean tempera- 
ture of the earth is increasing, a rise in the carbon dioxide of the 
atmosphere would be an explanation, since the carbon dioxide 
would form a sort of blanket around the earth and prevent radia- 
tion of heat from it. oo 

It will be noted that the figure for nitrogen which includes 
about 1 per cent of various rare gases is approximately eam m 
inspired as in expired air. This is because it is not usee DY aut 
body, the blood and tissues contain some nitrogen, but the amo 
i : : put gets it in the 
'S constant. The body does require nitrogen, 8 


form of protein foods. 


ARTIFICIAL RESPIRATION 
; There are two ways of administering a 
. by hand and the other by a machine 


al respiration, one 
y two 


rtifici 
of some sort. Onl 
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5 will be described: insufflation and the — 
back-pressure (A.L.B.P.) method. If a eLeE-cOneer can be ie 
sidered a machine, we will discuss three mechanical methogs. 7 
Eve tilt-board, the Drinker reiplratery chamber, and the pulmotor 
Each type has its place. The National Safety Council discourages 
the placing of mechanical devices on bathing beaches and similar 
places, believing that too much time would be wasted looking fine 
them; finding keys to them, etc.; the instruction of many people in 
administering a manual type of respiration is preferable. 


manual method 


insufflation 
“Mouth-to-mouth artificial respiration is the most practical 


method for emergency ventilation of a person who is not breath. 
ing, of any age.” This statement from the National Research 
Council was released only recently and appears to settle the ques- 


tion as to the preferred method of giving artificial respiration. In 
this method the person giving respiration places his mouth direct- 
inst the mouth of the victim and blows into the victim’s 


ly aga 
lungs. The details of administration are as follows: 
1. Remove foreign material (such as dental plates) from the victim's 


mouth. 
9. Tilt the head back and push or pull the jaw into a “jutting out” 


position. 

3. Place your mouth over the victim’s mouth, pinch his nostrils shut 
and blow vigorously, at a rate of 12 per minute for an adult, and gently 
at about 20 per minute for a child. 

4. Remove mouth after each exhalat 


of air from the victim’s lungs. 


ion and listen for the escape 


For those averse to putting their lips against a stranger S, espe 
cially if that stranger may already be a corpse, the suggestion 1s 
made to blow through a cloth placed over the victim’s lips. The 
somewhat lower oxygen concentration of expired air is more than 
balanced by the higher carbon dioxide content; this increases the 
carbon dioxide in the victim’s blood and, one hopes, will act as 4 
stimulus to his respiratory center. 
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pack-Pressure (A.L.B.P.) Method 
t 


has completely replaced the old Schafer Pron 
rich was sO widely taught and practiced j € Pres- 


jethod 


I 
wl 

t sod, ; P Nn the as 
1 — shown to be much more effective than the Sciot : 
; Schafer 


ta increasing the tidal air; it is only slightly more fatiguing 
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lungs. 
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minute, 


The Eve Tilt-Board Method 


of the “barrel” method, which became obsolete when bath; Pring 
. fn bade ie neta ine thing ». 

ties began buying their beer in cans instead of barrels, 1; & par 
me MR Cithe 

r 


case it is the diaphragm that is moved; in the “teeter” POSitic 

abdominal viscera are pressed by the force of gravity sain, the 
diaphragm, forcing it upward and expelling air from the lun : the 
the “totter” position, the viscera move downward, mdling + 
diaphragm down with them, and air is drawn into the ne ee 
main trouble with the method is that few beaches are Provides 


with teeter-totters either. 


The Drinker Respiratory Chamber 

Among mechanical methods, this one has demonstrated its effi. 
ciency over the years, especially in the long-continued treatment 
of polio victims. While it is true that only about one-third of all 
polio victims who go into a Drinker ever come out alive, that one- 
third would not have lived without it. 

In polio the virus attacks and destroys the cell bodies of motor 
nerves, specifically, nerves carrying impulses to the muscles of 
respiration. Not all nerves going to a given muscle are destroyed, 
but the remaining muscle fibers are too weak to do the job. All 
rehabilitation procedures in polio are designed to strengthen the 
weakened muscles. It seems odd, but one of the most effective ways 
of doing this is to sort of “kid” the muscles, making them “think” 
they are doing their work. For this, the Drinker is excellent, since 
it can be adjusted to the patient’s own respiratory efforts. Just as 
the patient is trying to take a breath, the Drinker does it for him 
and the muscles seem to “think” that they have done it alone and 
are greatly encouraged thereby. 

The patient inside the Drinker lies with his head extending °" 
a snugly fitting rubber dam around the neck. (This is the differ 
ence between the Drinker and the previously mentioned Lee 
berg. In the latter the victim’s entire body is inside the chambe" 


pe 
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43 yithdrawn from the chamber—only a fe 
H . c WwW : 
Ait" pressure are required—and anything in centimeters of 


atl : tl 
neg? and, will do so. The chest can expand 1e chamber that 


ex » and does 
< yn into the lungs. The pump then reve eS so, and 


a 
js drat ‘ 
ig: squeezing against the chest, this forces 


a i : air out of the lungs 
a the cycle is repeated. More recently, Sahlin has develo . : 
ket tYPe respirator which has the advantage of mobility. It 7 
d * TKS 


on the same principle as the Drinker, but is applied only to tk 
e 


chest. 
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The pulmotor 


Because the Drinker is large and unwieldy, fire departments and 
ambulances carry a device called a “pulmotor.” The pulmotor 
does not act physiologically, since it forces air under pressure into 
the lungs. (The Drinker does, since a negative pressure is de- 
veloped that draws the air in naturally.) In the past, occasional 
harm, even death, has resulted from the use of the pulmotor. 
Sometimes more air was blown in than escaped, so that the victim 
was blown up like a tire. New models, equipped with safety valves 
which make this impossible, are approved by the Committee on 
Mechanical Devices of the American Medical Association. In the 
use of both the Drinker and the pulmotor, oxygen, usually con- 
taining 6 per cent carbon dioxide, can be supplied while the arti- 
ficial respiration is being given; the purpose of the carbon dioxide 
is to stimulate the respiratory center. 


VENTILATION 


Many people who hear of oxygen and carbon dioxide as respira- 
tory gases, and perhaps the word ‘yentilation”’ used medically, are 
Inclined to think, when they enter a poorly “ventilated” room, 
that the previous inhabitants have either exhausted the oxygen oF 
have left behind detrimental amounts of carbon dioxide. Ede 
Not true, as is shown by putting a man into an air-tight chamber 


¢ s h xiated, 
course, if left there long enough, he wil be om head- 


u . i 

‘ h long before that, he begins to show typical a s which you 

n €, nausea, lassitude, etc., in short, the same <  acoel yenti- 
’y have experienced after spending 4" hour in * F 


lated classroom. That it is neither oxygen lack nor carbon dioxide 
excess that is bothering him is shown by permitting him to 
breathe, through a tube, clean, fresh, outside air. This helps him 
not at all. By the same token, a man outside the chamber, but 
breathing air from the chamber, experiences no ill effects, 


Let us see what we can do to help the man inside the chamber. First 
of all, we will give him an electric fan. That helps, but only for a 
while. Then let us put in some chemical which absorbs water vapor, 
such as calcium oxide. That helps a great deal. Finally, let us cool 
the chamber. That does it; he now feels much better. 

What the fan did may be shown with the aid of a few drawings. Here 
we have initially a dish of water under a bell jar. Evaporation is very 
slow because the air above the dish is saturated. A fan is added; it 
blows away or distributes the saturated air; evaporation is speeded up. 
But soon all the air in the bell jar is saturated, and the fan does no 
more good. 

In much the same way, the man was made momentarily more com- 
fortable when the water vapor near his skin was blown away, but as all 
the air in the chamber became saturated, no further evaporation from 
his skin could occur, 

_ Next we put in a chemical which had hygroscopic (‘‘moisture-absorb- 
ing”) properties. This absorbed the water vapor once more, making 
evaporation possible again. ; 

In addition to evaporation, the body loses heat by radiation 
the temperature in the chamber exceeded that of the body, h 


no longer lose heat by radiation; cooling the chamber mane YP 
for him again to do so. 
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50" carbon dioxide, but interference w 


net ant rable 
cay require humidification, i.e., the addition ss hand, the 
uw < ount of water vapor which the air can faldecc. Vapor, 
rhe" perature; the cold outside air may be completely san 
it be snowing—but when that air enters the enact 
‘art it nee take up much more water, in other words and is 
“dry.” Some furnaces are equipped with Tisinehe oh 
' h 


5 
ef pposed to be kept filled with water, but few people remem 
er tO do sO: 


b 

jt might be interesting to calculate just how little oxygen i 
Jost from the average bedroom during a night. nara 

Say the room is 10 x 10 X 10 ft., air-tight, with no cracks 
around windows or doors. The volume of the room, then, is 
1,000 cu. ft, There are 27 liters of air in 1 cu. ft. (There are 2.5 
cm, to the inch; multiplied by 12 gives a 30 cm. to the foot; 
30 x 30 X 30 = 27,000 cc.; divided by 1,000 this equals 27 liters 


$ with 


per cu. ft.) 
So the room contains 27 X 1,000, or 27,000 liters of air. Of 


this, 21 per cent or 5,670 liters is oxygen. A man at rest con- 
sumes 250 cc. of oxygen per minute, which, multiplied by 60 

and by 8, gives the amount of oxygen consumed in an 8-hour 
night, namely 120 liters. Subtracted from the 5,670, this leaves 
5,550, which, divided by the volume of the room, leaves a per 
centage oxygen next morning of 20.55. 

s 21 per cent and the morn- 


It corresponds, roughly, to 
nd the air 


The difference between the evening’ 
ing’s 20.55 per cent is next to nothing. 
the difference in oxygen between the air in New York a 
In Chicago. 


THE MECHANICS OF INTERNAL RESPIRATION 


I : i 
tal the chapter just before this we spo ; In an 
: hasan of a double system of interrelated circulations: 
alogous way, the lungs represent a central termina 
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nal and internal respiratory systems exchange ™ 
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younger im 
the lungs. Fifte 
oxygen-rich air into t 
somewhat like a smar 


way. 
External respiration is concerned with maintaining an ad 

a equa 
te 


amount of oxygen in the lungs and the removal of carbon diox; 

from them. It is still a long way to the tissues where th pie 
to be used. sti ait 

The inspired air passes through the many branching b 

the “bronchial tree”) and into the bronchioles. At the mt Sry 
bronchioles are the clustered alveoli, or air sacs, shown foi = 
drawing in cutaway section. To enter the blood stream pe 
must pass through the alveolar membrane and then she “e 
capillary wall. The blood then transports it to the am rhs 
again it must diffuse through the wall of the capillary ate the 


= “VEIN 
“S— ARTERY 


BRONCHI 


BRONCHIOLES 


ALVEOLI 


PLEURAL COAT 


ANATOMY OF THE LUNGS 


Respiration: External and Internal —-2 
73 


_, and into the cell. The same is true of ¢ 
carbon dioxi 
xide 


1d, © 

ge AY ‘ ecti 

‘ist veverse direction. This passage of oxygen in one directi 

pon dioxide 1n the other is referred to as the interch on 
ange 


Y's i o i : 
yn site occurs 1n the lungs and in the tissues, and will be con 


erning Solubility of Gases 

U 

R ‘minary concepts must first be understood. It may 
7 dea to you that gases dissolve in fluids. You expect 
yee dissolve in coffee, but that oxygen should dissolve in water 
1 blood may be novel. Yet a moment’s thought would convince 
ou that this must be true. When you open a bottle of “coke,” 
 pbles of 28 escape; these are bubbles of carbon dioxide which 
were dissolved in it. Moreover, the ocean is full of fish and fish 
require OXYBE™: they obtain it from the “free” oxygen dissolved in 
the water, for the ocean is not only a solution of salt in water, but 


of oxygen in water. 

There are some ru 
liquids. The first is that t 
as does the solubility of salts. Ca 
more soluble than oxygen, just as so 
than calcium sulfate. 

A second rule is that the amount of a given gas which will dis- 
solve in water depends on the temperature—being greater at lower 
than at higher temperatures—and on the pressure of the gas over 
the water. This is Henry’s Law and requires further explanation. 


e of oxygen over water is 100 mm., We 
d in that gas, would stand 


a certain amount 0 
r were bottled up, 
dissolved at 


i 


les which govern the solubility of gases in 
he solubility varies from gas to gas, just 
rbon dioxide, for instance, is much 
dium chloride is more soluble 


“hy ey ht he re 

etal rk the mercury of a barometer, place 

event t of 100 mm. Under these circumstances, 

we ree dissolve in the water. If now te, 

a Dressup say that this bottle contains water with 
ioxid e of 100 mm. When a “coke” 18 bottled, it 15 expos ; eh 
lioxide at a pressure of 4 atm. T coke” wit 


Its Car . ry 
bon dioxide at a pressure of 4 atm. The 


Posed 
t to oxygen while passing through the lungs is, 50 . 
cape from it until it reaches the 


led 

u ” . 

capillg since no oxygen can es 
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Phe third rule, Dalton’s Law, says that in q "UXture ¢ 
gas behaves independently of the others. tn the 
water exposed to oxygen at 100 mM. pressure, a Certain 
oxygen became dissolved, Exactly that same “Mount of , 
would dissolve in the water if the OXyYZen were 
gen and carbon dioxide. 

We can add a fourth rule in order to make condi 
parable to those in the body. If a thin membrane th 
carbon dioxide can pass through is placed betwe 
the air, or between two fluid systems, the 
brane would interfere with the foregoing 
it might slow down the passage of the 


lions Com 
at Oxyg 
en the Water ang 
presence of the Mem. 
only to the EXtent that 
gas molecules. 
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The Rules of Gases in Human Respiration 


Let us now apply these principles to the body. At sea leve 
air in the air sacs contains a number of gases, total 
sure being 760 mm. Since the outside pressure is 


since the lungs are open to the outside by w 
must be true, 


I the 
alveolar pres. 
760 mm., and 
ay of the trachea, this 


Of the 760 mm. pressure in the 
uted by water vapor. We are more familiar with water as a 
liquid, but water vapor is a gas and, like any other gas, exerts 
a pressure, The difference between 760 and 47 mm., or 7138 
mm., is distributed among the so-calle 
carbon dioxide, and nitrogen. Oxygen 
sents 14 per cent of the dry gase 
is 100 mm, 


air sacs, 47 mm. is contrib- 


d dry gases—oxygen, 
» as we have seen, repre: 
s; and 14 per cent of 713 mm. 


So we say that the air in the air sacs contains Oxygen at a pres- 
sure of 100 mm. To this pressure of oxygen the blood is exposed as 
it slowly passes through the capillaries in a thin film, It must be 
remembered that capill 


i H rt Te" er 
aries have a diameter not much great 
than the diameter of 


a red cell. It has been calculated that “ 
total surface of capillaries exposed to air sacs is 55 sq. m., which, 
incidentally, is 25 times as much as the total body surface. 
blood can be thought of, then, as a slowly moving film with a tol 
surface area of 55 ‘4. M. exposed to oxygen. 
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Bs ; : 0,=40 MM, 
CO CO.=46 MM, 


INTERCHANGE OF GASES 


Under these circumstances the oxygen content of the blood 
reaches equilibrium (almost) with the oxygen in the air sacs., ie., 
the blood leaves the lungs carrying its oxygen at a pressure of 100 
mm. (One must never forget that in spite of the fact that oxygen is 
constantly entering the blood and being carried away, its pressure 
in the air sacs remains constant at 100 mm., through the efforts of 
external respiration.) This part of the “interchange of gases” is 
represented by the left side of our diagram. 

Now the blood reaches the capillaries of the tissues. Here it is 
‘eparated from the tissue fluid by only the thin capillary wall. As 
the diagram shows, the oxygen pressure in the blood (100 mm.) is 
greater than in the tissue fluid so that oxygen passes from the 
“pillaries into the tissue fluid. The question then is, What is the 
oxygen pressure in the tissue fluid? We faced this problem before, 
“hen working with the Fick principle for determining the carenec 
“utput, Everything would depend, we said, on the activity of i 
sues, Tt was impossible to take blood from a hundred caer 
"Ns to determine their oxygen content; so it is impossible ons 
te ‘amples of tissue fluid from hundreds of sienna te 

; * the oxygen pressure. We are forced to make a0 . fluid has 
een ote that equilibrium between blood coon ver Then, as 
We di ached as the blood passes through the c Peal “nd deter 

efore, we take a sample of mixed venous 
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. d ter, 
mine its oxygen pressure. It is found that, with the ing; ; nal 
Vi 


rest, this oxygen pressure is 40 mm. So we say, that unde; co at 
conditions the average oxygen pressure In tissue fluid js 40 Ne 
The arterial blood therefore arrives in the tissues carry; 
oxygen at a pressure of 100 mm., gives UP Oxygen to thie Ae its 
and leaves as venous blood, carrying its oxygen at a moot Issues, 
40 mm. “UTE of 

Let us now consider the carbon dioxide, also Tepresented on th 
diagram. It is produced in the tissues by the reaction “C +0 ‘s 
CO,” and is dissolved in the tissue fluid. To determine ig ie 
sure, we again assume that equilibrium between tissue fluid i 
blood has been achieved in the capillaries and take a sample of 
mixed venous blood from the right heart. This is found to have q 
carbon dioxide pressure of 46 mm. with the person at rest. The 
COy, pressure in the air sacs—5.6 per cent of 713, or 40 mm —is 
held at that figure, although more is constantly entering through 
external respiration. Carbon dioxide passes from blood into air 
sacs until its pressure has fallen to 40 mm., the CO: pressure in 
arterial blood as it returns to the tissues. 

Note that there is a 60 mm. differential (100 minus 40) between 
air sac Og and venous blood QO» and only 6 mm. (46 minus 
40) between venous blood CO, and air sac CO. The reason for 
this has been mentioned before; it is simply that carbon dioxide 
passes through cell membranes with much greater facility than 
oxygen does and therefore does not require a large pressure dif- 
ferential to force it through. 

So the interchange of gases can be summarized as follows: 
Venous blood enters the lung capillaries carrying oxygen at a pres- 
sure of 40 mm. (at rest) and carbon dioxide at a pressure of 46 mm. 
The oxygen pressure in the air sacs is 100 mm. and the carbon 
dioxide pressure is 40 mm. Therefore, oxygen passes from air sacs 
into blood and carbon dioxide from blood to air sacs. Arterial 
blood leaves the lungs carrying oxygen at a pressure of 100 me 
and carbon dioxide at a pressure of 40 mm. The average tissu 
fluid pressure for oxygen, is 40 mm. and for carbon peer 
mm. Therefore, oxygen passes from blood to tissue fluid an 
bon dioxide from tissue fluid into the blood. 
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ontaitls the rest. This is mainly red cells, but we de ve cellular fraction 
ihe oxygen is in the hemoglobin. If now the red ie know yet that 
and the hemoglobin crystallized (remember ata » are hemolyzed 
me 10 purity) we And that ihe erysalline rf gag is the 
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The release of oxygen.—The compound formed when | 
globin combines with oxygen, exyhemoglobin (HbO,) mi hie 
ical compound, and not a solution; it need obey hate of ’ the 
that gases in solution obey. Its breakdown, releasing pa and 
forming reduced hemoglobin (Hb), is illustrated in the conve 
shown on page 278 and is obtained as follows: 


A sample of blood is exposed to an oxygen pressure of 100 mm in 
a thin film, in a flask called a tonometer. When saturated with oxygen 
- ony content is determined in a Van Slyke apparatus. This ap- 
peti -r re ae in detail; however, its operation is simple. 
sacar i oe ame is hemolyzed and exposed to zero pressure, which 
chamber of hl ; / released, Phis oxygen & collected in a stall 
tent of this si i a he and its volume measured. The oxygen con 
mal, ie me will be 20 cc. per 100 ce. blood, if the blood is nor- 
Other ax ee the normal 15 gm. hemoglobin per 100 cc. blood. 
and each i creat exposed to 90 mm, pressure, gO mm. pressure, EC» 
The records 5 1as its oxygen content determined. 
are graphed, as shown 1n the curve 
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OXYHEMOGLOBIN DISSOCIATION CURVES 


straight line shows what happens to oxygen in solution; it will be seen 
that it is given off very uniformly, 10 per cent for every 10 mm. fal] in 
pressure. In contrast is the oxyhemoglobin dissociation curve. Almost no 
oxygen is given off at 90 mm.; very little at 80 mm.; and it is not until 
40 mm. has been reached that 25 per cent of the oxyhemoglobin has 
dissociated, leaving 75 per cent. That means, since blood at 100 mm. 
oxygen pressure carries 20 cc. of oxygen combined with hemoglobin 
(actually only 19.7 cc., but we call it 20 cc. for simplicity’s sake), only 
4 the oxygen, or 5 cc. has been liberated. From here on, the fall is 
rapid; and at 20 mm. oxygen pressure a full 75 per cent of the oxy- 
hemoglobin has broken down and 15 cc. of oxygen has been liberated. 


The importance of this odd-shaped curve is this: in muscular 
activity of the most strenuous type, the average oxygen pressure of 
aan ee Pee 20 mm. There is, then, a fall of only 20 mm. 
violent ie ba pressure in going from rest to extremely 

» but within this interval, a full 50 per cent of the 


oxyhemoglobi Aig ' 
lonieail Pi re: breaks down. This is sometimes called the physi 
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roke volume. The va , 

a and stro somotor center's ro] 
its plood into the active muscles and 
we , now hem 
P te to the same cause. Just why hemoglobin do 
I : 
nite known; one can only say that it is the 

nemogiobiNn molecule to behave in this manner 
0} . © . : 

ring oxygen in anemia.—Another point that appears from a 
aad of this curve 1s the relative uselessness of giving oxygen t 

* 1 i i : 

a patient with anemia. It will be seen that at 100 mm axvers 
esse, the hemoglobin is completely saturated; that means that 
cannot hold any more, no matter how greatly the oxygen pres- 
sure is increased. Some good may be done, however, in that the 


t in solution is increased. 


€ was shunt- 
oglobin con. 
es this is not 
Nature of the 


amoun 
Say a person were placed under an oxygen tent in which a 
30% oxygen concentration were maintained. This would give 
an oxygen pressure in the air sacs of about 300 mm., or three 
times the normal. The amount of oxygen in solution would 
therefore be increased threefold, or from 0.3 cc. to 0.9 cc. per 
100 cc, blood. This might be important to a man with very 
severe anemia, say with a red count of only two million. This 
man’s blood, completely saturated, would contain only 40%: 
(two million is 40% of five million) of the normal 20 cc. oxy- 
gen, or 8 cc., and the additional 0.6 cc. might be of help. 


Effect of CO2 on the dissociation curve.—At the risk of compli- 
cating the matter still more, we present a second set of curves, 


showing the relationship of COs. High carbon dioxide pressures 


shift the dissociation curve to the right; low pressures shift it to 
geous at sea 


the left. It is clear that a shift to the right is advanta 


level, since it means that a larger amount of oxygen will be liber- 
works very nicely 1n exer 


ated at any given ox Thi 
ygen pressure. 1S 
xide are being produced. 


Clse where large amounts of carbon dio : 

However, at high altitudes, it is a distinct handicap. As we have 
an oxygen lack stimulates respiration. T his excess hee ae 
th €s carbon dioxide out of the air sacs, and its conce 
a blood falls. This shifts the curve to the left and now less 0 - 
fete normal is liberated. The two are at cP at it 
orypen i ventilation supplies more oxyge” to the lungs: 

ls not liberated in the tissues. 
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We have been dealing with two things: oxygen Pressure 


ured in mm. Hg) and oxygen volume (measured in ¢¢. 


as. 
: , ‘ per 100 oe 
blood). We might ask which of the two is the More j de 


™MPortant. 
f 40 mm, and 
nO, volume 


Would a man be worse off with an Oy, pressure o 
normal volume; or with normal pressure, but q 
of only 8 cc. per 100 cc. of blood? 

This question can be answered unequivocally: Ox 
sure is much more important than oxygen volume. In the ex. 
ample given, the man with the 40 mm. O, pressure would 
still have 75% of his normal volume; his blood would contain 
15 cc. Og per 100 cc. blood. He will, however, be unconscious, 
and unless oxygen is quickly supplied, he will be dead. 

The man with a pressure of 100 mm. but only 8 cc. volume 
has that 8 cc. supplied to the tissues under a normal head of 
pressure. Only 5 cc. oxygen per 100 cc. blood are required by 


the resting person, so that he will at least survive, though pas- 
sively. 


ygen pres. 


Low oxygen pressures are so harmful because, as has been Stated, 
the oxygen molecule does not pass through membranes very read- 
ily. It requires a considerable head of pressure to force it through. 
If the oxygen pressure is only 40 mm., then even though the tissue 
fluid pressure fell to zero, which it would never do, the pressure 
head would be at most 40 mm., and actually, considerably less. 
Therefore, although the blood contained an adequate volume of 
oxygen, it would not leave the blood and enter the tissue fluid. 


The Transport of Carbon Dioxide by the Blood 


The total volume of carbon dioxide carried by the venous blood 
ofa resting person is surprisingly high, namely 56 cc. per 100 cc. 
blood. Since carbon dioxide is much more soluble than oxygen, 
the amount in solution is greater, being about 5 cc. (compared 
with 0.3 cc. for oxygen). This, of course, leaves us confronting the 
same question as with oxygen. How is the rest, the greater amount, 
transported? 

Small amounts of COz are carried directly by hemoglobin, al: 
though the attachment of carbon dioxide to the hemoglobin mole- 
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the blood, we face some difficult qu 
vit How does sodium become available in the tissues to { 
ium bicarbonate, and how does sodium bicarbonat ~ ar 
iow" in the lungs to liberate its carbon dioxide? Ip reateet pie 
jauter question, one might guess that sodium bicarbonate i. i 
behave similarly to oxyhemoglobin, that is, it might break dow 
when the carbon dioxide pressure fell, However, this is not = 
q sodium bicarbonate solution does not break down and tiherute 
carbon dioxide at any carbon dioxide pressure short of zero. So the 
reason must be sought elsewhere. 


guistat 
ried in 


There are, in the world of chemistry, compounds which are called 
amphoteric. These compounds behave as acids in an alkaline solution 
and as alkalis in an acid solution. Hemoglobin is such a compound, 
and, since the blood is alkaline, it behaves as an acid. Hemoglobin 
exists in two forms: hemoglobin and oxyhemoglobin, and we will 
represent these as if they were acids, thus: H*eHb and H+HbO, (the 
centered dot indicating a chemical bond). There is a third acid to be 
considered, namely, carbonic acid, H* HCOs, which is formed when car- 
bon dioxide reacts with water. We have then these three acids compet- 
ing for any available sodium ions; and the strongest of the three will 
be able to rob the salt of a weaker one of its sodium. 

Consider what happens when HCl, a very strong acid, is added to 
4 solution of sodium bicarbonate. It bubbles and foams as a result ol 
‘scaping carbon dioxide. What has happened is that the strong HCl 
has stolen the sodium from the salt of the weak carbonic acid to form 
NaCl and H,CO,; the latter, being unstable, breaks down and releases 
's carbon dioxide, 

HCl + NaHCO, — NaCl + H2COs 
H,CO, ait CO, + H,0 . 
ree . » IS 

‘i order of strength, these three acids rate as follows: HeHDte 

“« Strongest; HyCO, comes next, and H*Hb is the weakest. - as given 
Sider what hi WU, anillaries of the lungs: Much Hb has 6 
off Oxygen | appens in the capillaries oO AE en of the 10t HeHb, ane 

ie a the tissues; it is ws the weak _ seas though, it picks UP 

sodium. In the capillaries of the lungs, 
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one immediately pounces on the ts 
NaHbO,, releasing HCO; which Promptly} 
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CO;. This, now, is dissolved CO i 
F , 2 4 2. It 1 
ential, 46 > 40 mm., and leaves the A lar 


duced. But th as 
H-Hb, and so Mewgrrvr en. pdhoeg ri ek 
supplied to convert HCO, into NaH CO,. OF sodium release 

There is another mechanism which, . 
crease the blood’s total ability to carry COs, doce noes 0 4 
ity of the plasma to do so. This is the chloride shift, or aioe, 
phenomenon. The reaction “CO. + H.O = HCO,” is wim 
very slow and is catalyzed by an enzyme called carbonic alates 
This enzyme is present in the red cells but not in the plasma. This 
means that H2COs is formed rapidly in the red cells. It ionizes into 
H and (HCO;). The red cell is naturally more alkaline than is the 
plasma, so the H ion is buffered. The negatively charged (HCO,) is 
in excess and moves out. So the Cl ion, also negatively charged, 
from the ionized NaCl in the plasma, migrates in to take its 
place, leaving the (HCO;) to become, with the sodium ion, 
NaHCoOs. Of the total 3.5-5.00 cc. COz which leaves each 100 cc. 
blood to enter the air sacs, about 1 cc. comes from the breakdown 
of carbaminohemoglobin, about 0.5 cc. from that held in solution, 
and the rest from the breakdown of NaHCO3. a 

We have now seen how oxygen gets to the tissues and how a 
bon dioxide is eliminated from them. In the tissue cells the re 
will, of course, be used to burn foods and from the ale 
foods, carbon dioxide will be formed. This 1s ic me bur, 
process and we will leave it until we have oe ae have bee? 
namely until the digestion and absorption © 


discussed. 
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pis ORDERS OF INTERNAL RESPIRATION 


anoxia 

This is the condition where the oxygen pressure of tl ; 
plood is deficient for any reason. It has already hase 1e pent 
why this condition is so serious—namely that there is bn ained 
cient head of pressure to drive the oxygen through ha n ae 
walls into the tissues. The effects of anoxia on the bod pet ma 
and diverse, and there is a great difference between individuals in 
their reaction to 1t; what follows applies to the average individual 

When a parson ascends to high altitudes rapidly without benefit 
of acclimatization, as, for instance, in driving up a mountain in a 
car or ascending in an unpressurized airplane without oxygen, 
what happens to him is this: Up to about 8,000 ft. no symptoms 
are noted. From there to 12,000 ft. there are various degrees of loss 
‘n mental efficiency. This is the reason that high-flying aircraft are 
pressurized at 8,000 ft., which means that the pressure within the 
plane is maintained at what it would be at 8,000 ft. It was not al- 
ways realized that mental efficiency was reduced at this compara- 
tively low altitude, but now it seems quite likely that many crashes 


in the past were caused through pilot error due to decreased men- 


tal efficiency. 
From 12,000 to 15,000 ft. further deterioration occurs. One 
the symptoms shown 


striking fact is the great resemblance between 
cation. If a person is 


at this altitude and those of alcoholic intoxi 
morose and weeps into his beer when intoxicated, he will behave 
the same at these altitudes; if he is inclined to become pugnacious 


and loud, his actions will be the same. He is irresponsible, as an 
intoxicated person is irresponsible, and will take chances which 
he would not otherwise take. There js dizziness and nausea and 
severe headaches that are like those experienced in “hangovers 

and also in carbon monoxide poisoning. There is also sleepiness 
and fatigue, but these symptoms disappeat within 24 hours ke! . 
Muscular incoordination, especially for the performance © ial 


cate tasks, is also experienced. : 

creas 
Between 15,000 and 20,000 ft. all these piss are vi 
severity and there 1s, besides, 4 progressive ill 


e in 
sual 
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and auditory acuity. Anywhere from 20,009 teu 
muscular twitching, even convulsions, occur, and the tng 
completely incapable of any reasoned judgment. . 
people will lose consciousness within a few Minute 
and, unless help is provided, will die. 


Final] + Moe 
S at 25,009 fe 
We might ask at this point, What is the ox 
blood at 25,000 ft.? 

The barometric pressure at this altitude is 2g9 mm. Wat 
vapor will exert the same pressure here as at sea level, ourst, 
47 mm. (Water vapor pressure is not affected by the outs; de 
pressure, only by temperature. At 63,000 feet, where the bato. 
metric pressure is only 47 mm., water will literally boil from 
the lungs.) 

The total pressure of the dry gases in the air sacs is 282 
minus 47, or 235 mm. About 79 per cent of this, or 185 mm., is 
nitrogen, leaving 50 mm. to be distributed between oxygen 
and carbon dioxide. 

Normal CO, pressure is 40 mm., but because of the over. 
ventilation due to oxygen lack, it will be much less; just how 
much less depends on the individual. However, the Air Force 
accepts 15 mm. as the CO, pressure at this altitude, leaving 
35 mm. for oxygen. 


YEEN pressure in the 


This is considered the critical level for the loss of consciousness. 
Breathing pure oxygen from an open mask, the pilot could ascend 
to 47,500 ft. (barometric pressure = 97 mm.) before losing con- 
sciousness, since 35 plus 15 plus 47 = 97 mm. It has been found 
that animals, in an atmosphere of pure oxygen at that pressure, 
lose consciousness almost immediately and die within a very few 
minutes, 

Acclimatization.—This means a gradual becoming-accustomed- 
to high altitudes. It is not important to aviation, since the pilot 
usually does not stay in the air long enough; it finds its chief i, 
plication in mountain climbing. In the 1933 attempt to clim 
Mount Everest (alt. 29,002 ft.), base camps were established os 
few thousand feet and the climbers remained in each camp evel 
weeks in order to become acclimatized. (In the recent ee 
attempt, oxygen was used instead). The benefits of acclimatiz# 
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has not affected this factor. But there is a tissue need {; 

no matter how it is delivered. If, in a capillary of a pelted Okygen, 
there are normally five red cells, and by increasing the eat ee 
that number is raised to seven, the oxygen supply will -" Soni 
pe 40 per cent greater than it was before. For another jae 
acclimatization, the respiratory center becomes adjusted ike 
level of oxygen, so that oxygen lack no longer acts as such a odes 
stimulus. Said in another way, the respiratory center responds tc 
lower levels of carbon dioxide. It will be recalled that overventila- 
tion lowers the carbon dioxide level in the blood, and the oxy- 
hemoglobin dissociation curve is shifted to the left. This is pre- 
vented when the respiratory center responds less to the stimulus 
of oxygen lack. This point can be illustrated by a question: 


Which of two men, one thoroughly acclimatized to 25,000 ft. 
and the other not acclimatized at all, has the better chance 
to reach the top of Mount Everest, if both are supplied with 
oxygen? 

Answer: The unacclimatized man. If both are given oxygen, 
oxygen lack cannot occur. But the acclimatized man has his 
“carbon dioxide thermostat,” so to speak, set at a lower level, 
say at 30 mm. As soon as he starts to climb, the carbon dioxide 
will rise, stimulating his respiratory center, and he will pant 
himself to death before reaching the top. What would the an- 
swer be if neither were supplied with oxygen? 
shes is to adjust 


The thi : imatization accompli 
hird thing that acclimatizatio P rine. The blow- 


Ue kidneys to eliminate basic substances in the u d to 
'Ng-off of carbon dioxide by overventilation causes the wa m 
become more alkaline, since COz is an acid-former ( mp ihe 
= H2CO;”), This may be expressed by saying that the e atta litt 
blood depends on the ratio of NaHCOs/ H,COs. 0 art jation 
'Y of the blood also tends to shift the oxyhemoglobin disor 
“Ve to the left, which is undesirable. By Se a isa 

“alts, the kidney tends to maintain a normal aaa scan the 

uring the war, a number of efforts were made to in 
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resistance of flying personnel to anoxia, all MNSUCCEssfiaf 

pointed out, for instance, that smoking a pack of einen: I 
tween morning and 4 o'clock in the afternoon lett mos, nie, | 
blood desaturated by 5 to 10 per cent, in other words, their | it 
carried only 18-19 cc. Ox instead of 20 cc, per 100 ce, blood ne 
would mean little on the ground but might be important y * - 
However, all efforts to discourage smoking failed, {y os 
pointed out that steaks were bad, since a high protein dje, - 7 
shall show later, stimulates metabolism and, hence, oxygen po 
sumption. It was impossible, however, to convert the pilots 
vegetarianism. Ivy fed carrots to rats and found their resistan, e ‘s 
anoxia to be increased, but the pilots showed an aversion to 


Wary 


he 


carrots.* 


The question of whether visiting athletes suffer any handicap when 
coming to Denver (alt. 5,280 ft.; bar. 630 mm.) to compete is one 
which Denver sports writers have kicked around a great deal, At the 
moment, both Army and Navy refuse to play the Air Academy in 
Denver because of this fear, In Denver the oxygen pressure in the 
air sacs is about 83 mm. (47 mm. water vapor plus 460 mm. nitrogen 
plus 40 mm. carbon dioxide subtracted from the barometric pressure 
of 630 mm.) instead of the usual 100 mm. which is based on sea level 
conditions. A glance at the oxyhemoglobin dissociation curve indicates 
that the volume of oxygen taken up by the blood is nearly the same 
at 83 mm. as at 100 mm. But the oxygen pressure, which we have fre- 
quently said is the driving force in moving oxygen from the blood 
into the tissues, is obviously 17 mm. less. Assuming an average oxygen 
pressure in the tissue fluid of 20 mm, during violent exertion, the 
gradient is only 63 mm. instead of 80 mm. Being a Denverite myself, 
I hate to admit this, but it could make a difference, especially re- 
membering that both West Point and Annapolis are close to sea level 
and that there would probably be little time for acclimatization. 


Anoxia due to disease.—It must not be thought that the only 

i i ia i i i ascend in an 

way of incurring anoxia Is to climb a mountain or to ascend in a 

: : i te oe 2 cur 
airplane. In pneumonia, for example, anoxia 1s a common 06 
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P é ° ° scare I ” 

This blood will leave, carrying its oxygen at a pressure of 

yroid gland. This would have 


* Fortunately, nobody thought of removing the th apie 
f ° holism, but it would have ™ 


helped, since the thyroid hormone also stimulates meta 
near-morons out of the pilots. 
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Hyperoxia 

A few words might be said about the condition Opposite to 
anoxia, namely hyperoxia, or excessive amounts of oxygen. It has 
been known for many years that animals, placed in an atmosphere 
of pure oxygen, will die after several days. Divers, when given 
mixtures of air containing 50 per cent oxygen, complain of its 
narcotic (drugging) action. Only recently it has been shown that a 
disease of the eyes, called retrolenial fibroplasia, which is one of 
the chief causes of blindness in children born prematurely, is due 
to giving them oxygen in high concentration in the incubators 
where premature babies are kept. 


The disease consists of the formation of a fibrous connective tissue 
curtain behind the lens of the eye, hence the name. It may seem con- 
tradictory to say that an excess of oxygen causes an oxygen deficiency, 
Jet that seems to be the case. German workers have found that the 
xygen concentration in the blood steadily decreases with ae 
oxygen tensions. This is because oxygen in excess irritates a oo 
and many of the air sacs degenerate, so that there is considera y am 
. ice for the oxygen to pass through. The capillaries. of - yom 
wy between the fifth and seventh months of uterine life, but} 

" “seen deficiency they do not develop, oF develop poorly: 
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Although the disease receives its Name from this device 
occurs among divers and aviators, In the latter case fk . 
air embolism. We will discuss it first as it affects diye 
workers. Each 33 ft. of water represents an additional] pres 
I atm.; in other words, a man working at a depth of 33 
have twice the normal outside Pressure squeezing him. To 
vent water entering a caisson or a diver’s helmet, an additional 
pressure of 1 atm. must be maintained Within. Now, it will = 
recalled that some gases are more soluble than others—and sifbin - 
in the body is quite soluble—and also that the greater the Scherer 
of the gas, the more will be dissolved. This means that 33 ft, under. 
water a man will have twice as much nitrogen dissolved in the 
“water” of his body—in blood plasma, tissue fluid, and in cells, 
But strangely enough, most of the dissolved Nitrogen will be in 
his fat, since nitrogen is five times as soluble in fat as it is in Water,* 


At sea level there is about 1 liter of dissolved nitrogen in the body; 
at 33 ft. there would be 2 liters. This does no harm whatever, for 
as long as he stays there, the nitrogen remains in solution. But if he 
should suddenly come to the surface, the excess liter, in attempting 
to escape, forms bubbles of nitrogen in his tissues. (Actually, it has 
been found that | liter of nitrogen will not form enough bubbles, or 
the bubbles are too small to do harm, but 1.25 liters will.) So if this 
man had been working at a depth of 66 ft., $ liters would be dissolved, 
and 2 liters would attempt to escape, and then he would be in a bad 
way, indeed. Many bubbles form in joints and cause intense pain. 
Since some relief can be obtained by bending over, the disease is fre- 
quently called the bends. However, the real harm is done in the 
brain. Paralysis, sometimes permanent, may result, as have cases of 
insanity. 

It is clear, since the harm is done in coming up, that the man should 
be raised very slowly. Actually, this is done by raising him in tages, 
allowing time for decompression at each stage. This raising is aig 
lone by “halves”; thus, if a man has been working at a pressure . 
10 atm., he is first raised to 5, then to 2.5, then to 1.25, Spree 
least forty minutes at each level. The exact time depends on new ha 
he is; fat has a poor blood supply, and nitrogen leaves it very slowly: 


fat, at least the 
od in a way, 


. Unfortunately, working under high pressures seems to make people 
| hog in the 


typical caisson worker, or “sand hog,” is always fat. However, this 1s an 
because when a caisson “blows out” it is customary to grab the sein the exit. 
crew and plug him into the hole like a cork while everyone else runs Ie 
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yor deep Se* divers, a mixture of oxygen and helium, j 
is employed. Helium has the advantage Boay » Instead of 
+ fs much less soluble. Also, the helium thaleeuhy Nitrogen in 
th to diffuse more rapidly. The nitrogen molecule (N.) 1 a 
No) Nas a 


( 

ands ’ aii 

wt jar weight of 28, the helium molecule (He), a molecular weig! 
' ar weight 
ened considerably, 


wer 4; thus the decompression stages are short 

In ascending rapidly, the same problems are encountered. At 
aitudes of 30,000 ft. and above, bubbles of nitrogen form, nd 
although the effects here are not so serious, they are nevertheless 
sinful. They are less serious because at 30,000 ft. with a baromet- 
ric pressure of 230 mm. (about 1/3 atmospheric) the original liter 
of nitrogen has expanded to form 3 liters, two of which are at- 
tempting to escape. However, the total amount is less than in 
coming up from a positive pressure of 3 atm. There are, in 
short, fewer molecules per bubble, and so the pressure of the 
bubble is less. During the war, interceptor pilots were kept “at the 
ready” in 1 atm. of oxygen to replace the nitrogen. Oxygen, as has 
been said, is less soluble than nitrogen; it does not seek out fat 
deposits and leaves the body more rapidly during rapid ascent. 


Carbon Monoxide Poisoning 


Carbon monoxide poisoning may occur under any circumstances 


where carbon-containing compounds (e.8-; coal, 
are burned with a deficient oxygen supply. 
In the presence of adequate oxygen, 
C+ 0,— COs. 


gas, gasoline, oil) 


But if the oxygen is deficient, 


2964+0.— 2 CO. 
¢ ‘ial examples 
“ses of carbon monoxide poisoning are reported, or = to 


W 
ere ; . ore he g0 
‘man fills a coal-burning stove with coal bef 5 


: oS 'Mter 
d and closes the dampers. Insufficient oxygen enters the nal 
oxide is produced and seeps out into the roo Stove 
set morning he, his wife, and five children are found ins and 
Artificial illuminating gas, depending on how it is mag. 
ntain 30 per cent carbon monoxide; however, natura] gas 
e switch from artificial to na 


be 
carbon mon 


de, ma 
mek In some cities when th vit ta 
was made, many a prospective suicide was disappointed: he a 
on the gas, expecting to die of carbon monoxide Poisoning ni 
nothing happened—until he lit a match to find out why. The do, 
ger of carbon monoxide poisoning from automobile exhaust oi, 
now so well known that there is hardly any excuse for it happen. 
ing; most cases reported are undoubtedly intentional. When “e 
finds one end of the garden hose attached to the exhaust pipe and 
the other end leading into the car, it is difficult to consider such 
a case accidental. Garden hoses do not usually do such things, 


The question might be asked, 


Why is carbon dioxide so innocuous, and carbon monoxide so similar 
and yet so deadly? It seems to be a matter of what the chemists call 
valence, meaning the number of atoms of hydrogen with which an atom 
of a given element can combine. Hydrogen, the standard of comparison, 
is said to have a valence of 1. When chlorine combines with it to form 
HCI, one atom of chlorine combines with one atom of hydrogen and 
chlorine is therefore also said to have a valence of 1. However, oxygen 
has a valence of 2, since one atom of oxygen combines with two of hydro- 
gen to form water, thus the formula for water could be written H-O-H, 
or HeOerH,* or the familiar H,O. 

We are interested in carbon. Carbon has a valence of 4, as is shown 


H 


in the compound methane, H-C-H, also written CH,. When carbon 


| 


H 
combines with oxygen and all of its valences are used, the compound 
is CO,, the bonding indicated by O:C:0, or O=C=O. But if only two 
are used, as in carbon monoxide (CO), there are two unsatisfied valences, 
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oe of oxygen per 100 cc. of blood, instead of the usual 2 

combination of carbon monoxide with hemoglobin is i 20 cc, This 
in the poy. If, for instance, one puts a mouse into a *d ante effect 
enough carbon monoxide to completely saturate the hemo rm er with 
ing nO hemoglobin to carry oxygen, but under a sufficient . ri len. 
sure, Say 3 atm., so that the dissolved oxygen is adequate he ygen pee 
needs, that animal will suffer no harm. chppty the 
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\ relationship exists between the concentration of carbon mon- 
oxide in the air and the length of time a person remains in it, 
that is, a low concentration over a long period of time may be 
just as harmful as a high concentration over a short period. It has 
a cumulative effect. A rough-and-ready rule for the expression of 
this relationship, and for determining the harmful effects to be 


expected, is to multiply the concentration in parts per 10,000 (the 


concentration of 0.07 per cent mentioned would be “7 parts per 


10,000”) by the length of time in hours. If the product is less than 
own; if between 3 and 6, the symptoms 
and 9, severe headache, nausea, and 
danger of loss of conscious: 


*, no symptoms will be sh 
will be minor; if between 6 
wake 
omiting occur; and above 12, there 1s 
ness, 

an atmosphere con- 


noxide, the product 
rience 


th for instance, a man spent 4 hours in 
taining 2 parts per 10,000 of carbon mo 
would be 4 x 2, or 8, which means that he could expe? 
‘evere symptoms, as would a man who spent o7é hour 1 . 
Atmosphere containing 8 parts pet 10,000. (These figures @ 
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for a person at rest; for a man at work, because of th Mena) 
e 


#5 5 i 
respiration, they must be multiplied by 2 or more) Ncreaseq 


Since the exhaust gas from automobiles is such a fits 

of carbon monoxide poisoning, let us see how white Ounce 
come dangerous. While the amount of carbon ene, At can be 
the average car turns loose into the atmosphere de Xide which 
number of factors—temperature, condition of the Pends on , 
idling speed, etc.—one can say that, on the average, th 


1 cu. ft. per minute. 


Carbureto, 
© amount jg 


Let us assume a garage is 10 x 10 X 20 ft., or 2,000 cy ft 
car, idling in the garage on a cold morning will put 1 a ft. : 
CO per minute into the air. One cu. ft. per 2,000 cu. leat op 
same as 5 cu. ft. in 10,000, and in 10 minutes the eaneentzadsn 
will be 50 parts per 10,000. This, according to our formula 
would be 50 X 1/6 hours (10 minutes = 1/6 hour) which ean 
a pretty serious condition (“8%”) even if the person merely sat 
there. If he were working, it might well be that the product 
would be over 16, multiplying by 2 or more, for work), in which 
case he certainly would be unconscious. 


In vehicular tunnels, the limit for carbon monoxide is usually 
set at 4 parts per 10,000; the ventilation is such that a level above 
that figure cannot be reached. But ventilation engineers, like 
others of their kind, always use a factor of safety, so that it is un- 
likely, unless traffic is held up for many hours by an accident of 
some kind, that the air will reach that figure. However, at busy 
street intersections in New York, at the bottom of a chasm between 
high buildings, the traffic policeman may frequently go home after 
a non-windy day witha violent headache, because of carbon monox- 


ide poisoning. 
The treatment of carbon monoxide poisoning 1s to bring a 
oxygen. he 


the breakdown of HbCO, replacing the CO with — 
victim is brought out of the garage into the air, and if he : - 
breathing, or if his breathing is rapid and shallow, aw 
piration is given while the fire or police department Is al” 6 per 
will, by means of a pulmotor, give him oxygen, to whic dioxide 
cent carbon dioxide is added. The purpose of the carbon 
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Juberculosis 


Once known as the “captain of the men of death” 
has been demoted to a lowly buck private in the ranks. As recently 
as 1900 the death rate from tuberculosis was 201.9 per 100,000 
living population; by 1956 it had been reduced to only 8.3. This 
has been accomplished in various ways: by improving man’s eco- 
nomic conditions, slum eradication, shorter working hours, im- 
provement in overall living conditions, etc.: by widespread free 
X-ray services for early detection; and in the past few years by 
medical progress that has played the major role. 


tuberculosis 


That tuberculosis was caused by a bacillus, the tubercle bacillus, was 
first demonstrated by the great German bacteriologist, Robert Koch, in 
1882, winner of a Nobel prize in 1905. He is often called the “father of 
bacteriology.” Probably his greatest contribution was to keep the field 
of bacteriology in its proper perspective. As one disease after another 
Was shown to be due to bacillary invasion of the body, the tendency 
naturally arose to consider all diseases as due to that cause. By means of 
his “postulates,” Koch kept the field honest. He insisted that nelage i: 

isease could be ascribed to bacterial invasion, it was necessary ) oon 
the Suspected organism be obtained from the victim; (2) hos promo 
8anism be grown in pure culture; (3) that the “ye Gehan ae 

Te uuced in animals into whom the culate oy al. Only when all 
(!) that the organism then be recovered from the “4m altel 6 tha 

“S€ criteria had been met could the disease truly 
organism. 
some effort to 
g, since man’s 
ent. A vaccine 


is led to 
Recognition of the cause of rape creasin 
“ntrol it, but the death rate was already 7 rovem 
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ton earth was already undergoing some ! r 
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to prevent tuberculosis was developed by Calmette an tral 


for which much was hoped. However, the "B.C.G. Ctein. » 
was called, got off to a bad start. The Lubeck dlsnecer ne,” as iy 
some 230 German children who had been vaccinated on Which 
veloped fulminating tuberculosis and many died, dig fe It de. 
tion no good, although later it was proved that the dice 
caused by a careless laboratory technician, who mixeq pe Was 
virulent culture of living tubercle bacilli with the vaccine re 
vaccine has been widely used in France, where it has been eh 
with reducing the incidence of tuberculosis significant] in 
cially among children of the slums, but it has never ban eee 
much of a play in this country. sea 
The question of how the tubercle bacillus enters the body ; 
still open. Undoubtedly, in the case of bovine tuberculosis i. 
ters through the mouth in infected milk, but in most cases of 
pulmonary tuberculosis is is undoubtedly inhaled. In most cases, 
following infection, the focus of tubercle bacilli becomes walled 
off in the lungs by connective tissue, which becomes impregnated 
with calcium. Within this tubercle (which is where the name comes 
from), the bacilli may live for many years or they may die there. 
The person then has a tuberculosis infection, but not the disease 
“tuberculosis.” The skin has become “sensitized,” we say, to tu- 
bercle bacilli protein, and when such a protein (called “tubercu- 
lin”) is injected under the skin, the formation of a red wheal is 
provoked; this is a positive tuberculin reaction. 
To show how overcrowding favors the spread of the infection, 
n which freshmen from three 
tests. At New York University 
y of Minne- 


d Guerin 


some years ago a study was made i 
universities were given tuberculin 
the response was nearly 100 per cent; at the Universit 
sota it was only 10 per cent; and at the University of Denver . 
was 30 per cent. This reflects the effect of upbringing 1n spr 
versus rural environments. The last mentioned also reflects on 
fact that for many years Denver was a tuberculosis health cen . 
The actual disease tuberculosis may be either ree tu: 
exogenous in origin. It may be due to the breakdown of t Aisth 
bercle of an old infection (endogenous) as a result of ee alle 
pation, or the presence of some other disease. This is usu@ y 


. . Respiration. Externg| ond Inte 
akdown in bodily resistance,” although . 
upre js not well understood. Or it May be i 
des jthout (exogenous). 
fol” ¥ treatment of tuberculosis, in the 
_ ge word: rest—absolute bed rest, for periods of 
in 7 In more advanced cases, the operation of : , 
ously mentioned, was employed, as was pneumothron Ini 
the lung is immobilized by injectin the ye 


ras, § air into t 
ween the EWO pleural coats. This air “collapsed” the ba “tut 
ng, that 


mad d in breathin : 
reduced the cough and, to some extent, the danger of eae 


pemorthage from a weakened blood vessel in the lung). In recent 
years, three important drugs have been added to the armamen- 
rium of the physician treating tuberculosis; in addition, much 
more frequent and radical surgery is being done. These measures 
have been responsible for a great deal of medical progress. The 
drugs are: streptomycin, “PAS” (para-amino-salicylic acid), and 
iso-niazid. At the moment these drugs, if properly used, seem to 
cure new cases Of tuberculosis, although many physicians might 
hesitate to use the word ‘‘cure.” In more advanced cases, surgery, 
often quite radical, is being used more and more. Rather than 
trying to cure a case when the X-ray photograph shows involve- 
ment of only one lobe, the surgeon often elects to remove that 
lobe. So lobectomies (“removal of a lobe,” in this case, of the lung) 
or even pneumonectomies, where an entire lung is removed, are 
frequently done. It speaks well for the body’s reserves, how much 
Work a man can do with only one lung, provided it be iealty 
In some hospitals, such as Olive View, the Los Angeles se ee 
tuberculosis facility, they are actually treating more cases tes 
betculosis than ever before. This is because Los Angeles afl ares 
; te termined effort to locate cases, screening all schoo! ¢ ‘ds ae 
“TWvals in other hospitals, arrivals in jail, ¢tc- Bat wie we hos- 
Badually bein . b the duration of stay 1" oe id- 
Pital hy g emptied because of course, many ski 
as been greatly reduced. There are neither 
"Ow bums wh ipes: re so badly shot ee n 
Surge whose poor old lungs a ; ‘Il die, and with moder 
dees nor drugs can help. These ae eh ds will 
°n campaigns and treatment, their D° 
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Digestion includes all operations, chemical and physiological, that 
foods must undergo before they can be used by the body. There. 
fore, digestion is a preliminary process, comparable to external 
respiration. If oxygen got no farther than the lungs, it would do 
no good; and food that gets no farther than the stomach or intes. 
tine cannot be used to energize life-functions. We eat almost noth- 
ing which, in its original state, can pass through the lining of the 
intestine into the blood. This process—absorption—will be the sub: 
ject of the chapter which follows, but first we must follow food 
through its preliminary stages of preparation. 


THE CHEMISTRY OF DIGESTION 


Chemically, foodstuffs may be classified into three groups: aor 
hydrates, fats, and proteins. Carbohydrates include sugap a 
starches; fats are such things as butter, lard, etc. Proteins eo 
haps not so familiar; while you might ask the grocer ae a hail 
of sugar (carbohydrate) or a pound of butter (fat), you wou 


. rotein on 
ly ask for a pound of protein. Still, the man has lots of p 
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setting UP a monosaccharide like glucose as acta 
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s the monosaccharides fructose and 


Besides glucose, the body use 
gulactose, which differ in their structure only slightly from glucose. 
Disaecharides are compounds in which two monosaccharide 
BtOUups are joined. This is accomplished by a chemical sunegee 
Called condensation. An H (hydrogen) atom is squeezed out a 
‘Ne monosaccharide, while an OH is squeezed out of pe: 
these Unite to form a molecule of water, while the two free nal 
tthe monosaccharides join to form the disaccharide. Its stru 


‘shown j 
Wn in the diagram on page 298. 
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H H H | 
monosaccharide + monosaccharide > disaccharide + wate 
Three disaccharides are of importance to the body. (1) Sucrose 


is a name that applies to both beet and cane sugar. In Spite of what 
the housewife will tell you about one or the other being preferable 
for making the frosting of a cake, chemically the two are the same. 
(2) Maltose, of which we eat almost none as such, is formed by the 
body from starch, of which we eat plenty. (3) Lactose is the sugar 
present in milk; it turns to lactic acid when the milk goes sour. 

The starches are polysaccharides, consisting of long chains of 
monosaccharides, sometimes as many as several hundred to the 
chain (starch molecule). This again is accomplished by condensa- 
tion. The general formula for starches reflects this loss of a water 
molecule: (CgHioO;)n. (The little n means that a molecule may 
include any number of such groups, depending on the variety of 
starch involved.) 


Fats 

We will now switch from the plant to the animal kingdom and 
consider a pig. Two kinds of compounds are available for we 
manufacture of lard—glycerol and fatty acids. The latter are = 
chain compounds of either 16 or 18 carbon atoms; the cnet 
one end has a group which is typical of all organic acids, name’) 
C-OH;; the rest all have hydrogen attached to them. So a fatty i 
would look like this: 
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if oe Hy 
tty acids in the fats we eat are “saturated,” .e., each car 


fa . ‘ 
Most e chain 1s attached either to other carbon atoms or to 


pon 3 Unsaturated fatty acids (such as linoleic acid, which was 
hyd? ned in connection with atherosclerosis) are deficient in hy- 
pent? They contain such groupings as: 
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Glycerol has three OH groups, so that it looks like this structur- 
ally: 
H 
ton 
H—C—OH 
H—C—OH 
H 


Three fatty acids combine with one molecule of glycerol to form 
amolecule of fat, which looks like this: 
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Proteins 
We have already mentioned proteins frequent] 


their large size. The molecular weight of water is 18. of sal 

glucose, 180; even the fat molecule shown, big as jt ten 58; of 
molecular weight of only 890. Compare this to the avera has 
molecule, which has a molecular weight of 100,000, Th; rire 
fied when one knows that they are made up of buildin ea 
smaller compounds called amino acids. There are some a8 ot Ocks, 
—the number is still indefinite, with some biochemist phchine 
with another every now and then. The average molecular mun 
of the amino acids is about 150; therefore, if a protein had a on , 
ular weight of 150,000, it would contain 1,000 amino acids vs, 
formulas of a few of these are shown here: <® 
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H—CH—COOH CH;—CH—COOH 
NH2 NH, 
glycine alanine 


lysine 

if 
C=C H 0 
Noe | | Now 
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iryplophane 


Note that these have in common the amino group: 
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on page 298, 
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It must be stressed that this is a chemical reaction 
solve a spoonful of sugar in water, you have a sadistiew If OU dis. 
water; hydrolysis, however, has not occurred. In he a, Sugar in 
starch, on the other hand, you have the long chain by dg of 
first into fragments called “dextrins,” then into the a en down, 
maltose, and finally—before absorption can oomitelnta teen 
saccharide glucose. All this, of course, by hydrolysis. 

In the case of fats, the fatty acids are hydrolyzed off of th 
erol; fatty acids and glycerol are then absorbed. Proteins - ha 
like starches. The first action is to break up the huge protein ne 
cule into smaller fragments, much as if a brick wall were rom 
mited; there would be chunks of variable size lying around yee 
probably some loose bricks, comparable to a few molecules of jn. 
dividual amino acids. These fragments undergo further fragmen- 
tation, all by hydrolysis, until the amino acids are completely free, 
and in this form they are absorbed. 

So for all the foodstuffs the chemistry of digestion is by hydroly- 
sis, the breaking up of large molecules into smaller ones by intro- 
ducing a molecule of water. 


IG estign 


1€ Mono. 


Enzymes 

The question might now be asked, Can this reaction of hydrol- 
ysis be accomplished outside the body? The answer is Yes, but 
with extreme difficulty. Consider the hydrolysis of the protein egg 
albumen (egg white). To hydrolyze it outside the body requires: 
(1) a boiling temperature (100° C.); (2) boiling for 94 hours; and 


(3) the presence of a strong acid. In the body the same reaction 
C., in 3-4 hours, and requires 


occurs at a body temperature of 37° rae 
only a weak acid or no acid at all. The secret of the body's sup 
riority is its store of digestive enzymes. 

Enzymes are catalysts, which greatly spee 
would otherwise proceed slowly; thus, egg al 
lyzed outside the body, but in the presence of enzymes — ae 
is much easier and more rapid. The digestive enzymes a) eee 
into the stomach or intestine by the cells of the renee 
There they mix with the foods and perform their a aigestion © 
are highly specific; an enzyme which will speed up ! 


d up reactions which 


bumen can be hydro- 
he reaction 
eted 
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1 to the aliva.* Ptyalin is rapidly destroyeq by tly, 


way dow! HM oft 
‘ch i he . S445 + 7 ge 
which is the P and since gastric Juice contains hydrochloric acid 


acids, however, wonders about its continued action in 4.” 
ped) oe oakan will be discussed later. * the 
aoe a7 Hh enzyme is secreted by the gastric glands ang 
in i stomach. It acts upon proteins, converting them into a num. 
ber of products to which the biochemist gives names, such aS pro. 
teoses, polypeptides, and peptones, but which we will simply call, 
collectively, the “split proteins. A few amino acids come off indj. 
vidually, but not many. Pepsin is secreted in an Inactive form 
called pepsinogen, which is converted into active Pepsin by the ac. 
tion of hydrochloric acid. 

As we have said, the membrane of the cell wall contains protein, 
and one is bound to wonder why the enzyme pepsin (and certain 
others to be encountered later) do not attack the protein of the cell 
membrane and so digest the wall of the stomach or intestine. In 


other words, why does not “autodigestion” occur? 


acts 


The answer is not definitely known, but perhaps a hint can be gotten 
from the tapeworm. These unpleasant little animals have proteins in 
their skins, yet they can live in the human intestine without being di- 
gested. Now, if one incubates a solution of egg white with pepsin, the 
¢gg white is hydrolyzed, but if one adds an extract prepared from tape- 
worm skin, digestion does not occur. It seems then that the tapeworm 
— self by secreting something called an anti-enzyme, which 
‘i i tn and other digestive enzymes from attacking it. It may 

lis 4 lining the stomach and intestine protect themselves in 
se alive; ia pathologist wishes Cee They do this only while rt 
: hg €s to take a bit of the stomach or set 
tof the ore he must obtain his specimen aneoaer ee 
Is Will be undeneg sain a little as twenty minutes @ 
hnan a ergoing autodigestion. 
. le time the Manufacturers of 
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hydrolyze anything, but acts sole] 7 nPortant a 
ins of milk, The casein, ordinarily soluble. inn One of the 
4ction of rennin into a semi-solid mass, the * onverted b 
the ¢ sol-gel reaction. Fluids such as milk Td, an ex 
of e osil immediately; the purpose of rennin ; stom- 


al 3 : IN co : 
ac A ‘ ’ Nvertin 
uble casein Into an insoluble curd IS tO Cause retention ; a 
Of the 


a ‘x the stomach so that pepsin will have a chance to act on j 
The curd produced by the action of rennin upon the insta of 
a milk is tough and fibrous, whereas the curd produced Se, 
human milk is soft and friable. This is the cause of the indigestion 
€ time they are weaned. It 


frequently experienced by babies at th 
of human milk Over cow’s 


zyme, 


ints out one of the many advantages 
milk in the feeding of human infants.* 

Pancreatic enzymes.—After passing through the stomach, the 
food enters the small intestine and here encounters a number of 
emymes which are secreted by the pancreas. Two of these, trypsin 
and chymo-trypsin, attack proteins. Of the two, trypsin is much the 
more active. It is secreted in an inactive form, called trypsinogen, 
which is activated by a substance produced in the small intestine, 
enterokinase. As a result of the action of these enzymes, consider- 
able quantities of amino acids are produced, although a great deal 
of the protein is still present as small fragments called polypep- 
tides, which will require further action. 

Another pancreatic enzyme, amylopsin (also called “pancreatic 
amylase”), acts on the dextrins produced by ptyalin as well as on 
Whole starches which have escaped such action. All of this material 
. broken down, by amylopsin, into the disaccharide maltose. ; 
’ iy a fat-splitting enzyme, steapsin (also st - sea ti 
shies by the pancreas. Steapsin hydrolyzes tats 1 

glycerol, in which form they are absorbed. 
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has bee Maly drink milk; the human is the only mamma i ilk is a 
ng a Weaned; other mammals seem to do all right arto hae already 
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it lacks iron and will find later that certain vitamins 
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OIL+H,0 OIL+H,0+BILE 


The action of steapsin is greatly aided by the presence of bile salts, 
which are secreted by the liver and enter the intestine with the bile. Not 
enzymes themselves, bile salts function is not to activate steapsin but 
rather to emulsify the fats, as shown in the drawing. If a drop of olive 
oil is placed in water and shaken, the drop will break up, but the droplets 
formed will soon flow back together again into a single mass. If the 
experiment is repeated, but with bile salts added, the droplets formed 
will be much smaller and they will remain individually suspended. This 
is called a stable emulsion, and is the sort produced by the bile salts 
on the fats of the diet. The result is a much larger surface area of fat 
exposed to the action of steapsin and this aids greatly in its digestion. 


Intestinal enzymes.—There are many glands present in the wall 
of the small intestine, and these secrete the enzymes necessary to 
complete the process of digestion. First comes erepsin, which at- 
tacks the polypeptides remaining after the action of trypsin, break- 
ing them down into the final product of protein digestion, the 
amino acids, which can now be absorbed. Erepsin is probably not 
a single enzyme but a group of enzymes each acting on a particular 
type of linkage. 

We have three disaccharides left to consider: sucrose (cane “ 
— Sugar), lactose (the sugar of milk), and maltose, which 's a 
form in which amylopsin left the starch, Each of these disacch® 
rides has its Own enzyme. Sucrase (or ‘‘invertase’’) hydrolyzes su 
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nah drolyzes lactose into one molecule x pals fructose, 
M yecule of galactose. Maltase hydrolyzes maltose into Ae ip 
an of glucose: These products, fructose, galactose, and : mole. 
a all monosaccharides and, as such, are readily abeashea glucose, 


vsiolooY OF THE DIGESTIVE GLANDS 
the . 

There are three pairs of salivary glands. The parotids lie just in 
front of the ears; anyone who has ever had mumps will know 
exactly where they lie; mumps, technically, is parotitis or an in- 
gammation of the parotid glands. Their secretion enters the 
mouth cavity through Swenson’s ducts. The submaxillaries are 
found just beneath the angles of the lower jaw; their secretion en- 
ters the mouth through Wharton’s ducts. Finally, the sublinguals 
lie beneath the tongue; their secretion reaches the mouth through 
anumber of ducts, called collectively, the ducts of Ravinius. 

These glands are also named according to the nature of their 
secretion. The parotids are called “serous” glands; their secretion 
is thin and watery, and the chief organic compound which they 
elaborate is the enzyme ptyalin; the sublinguals are “mucous” 
glands, the chief constituent of their secretion being mucin; and 
the submaxillaries are “mixed” glands, since their secretion con- 
tains both ptyalin and mucin. 

Control of salivary secretion by the nervous system.—Here we 
have another example of organs being innervated by both the 
parasympathetic and the sympathetic divisions. Parasympathetic 
fibers are found both in the 7th (facial) and in the 9th (glosso- 
pharyngeal) cranial nerves. From the 7th, fibers go to the sub- 
el and sublingual glands, from the 9th, to the oe 
orig of these fibers produces aa Tere in de 
of i Iva, making it thin and watery, with only low © his is simply 

© organic constituents. It might be thought that this 
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uth Main] 
from the mo . 3 y tag 
nerves, whose endings lie in the taste buds of the tongue. 


two-thirds are supplied by the 7th, the posterio, third 
Nerve fibers for auch, PTEsUre, €tC., also Teach the sajj 
vary center. (This reflex will be oe eP Sreater detail in the 
chapter on the Nervous System.) It might also be mentioned that 
the salivary center receives nerve impulses from higher centers 
The dryness of the mouth which an embarrassed Speaker experi. 
ences is due to inhibition of the salivary center from above. 
Although the secretion of saliva is continuous, by far the greater 
part of the total 1-1.5 liters secreted daily is secreted while meals 
are being eaten. Originally, no doubt, the pressure and taste of the 
food within the mouth is the only stimulus to the salivary center, 
However, the center is very prone to conditioning, and with time, 
other stimuli become effective; for instance, one drools when the 
smell of a sizzling steak is wafted into the room, and the dog drools 
even when you rattle his dinner dish. Other types of conditioning 
will be described later. A point made originally by Pavlov is that 
the salivary center is able to cause a secretion of saliva well suited 
to the job in hand. Thus, if a handful of pebbles are placed ina 
dog's mouth, the secretion of saliva will not be very great, only suf 
ficient to moisten the pebbles, so that he may spit them out. It the 
pebbles be ground to a fine powder, the flow will be more copiow' 
- there will be little ptyalin, since the dog intends spitting i. 
powder. But if a handful of crackers be powdered, the sali 


will contain m : ‘a eaniie 10 
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lining of ‘ 
Fhe 000 glands—the gastric glands. They extend jp. 


timated 35,000, 
vid into the connective tissue; in the body of the stomach they 
are usually branched; in the pylorus, coiled. They contain three 


types of cells: mucin-secreting cells, usually near the outlet of the 
gland; chief cells (so-called because they are the most numerous), 
which secrete the enzymes pepsin and rennin; and in the body 
portion, parietal cells, which secrete hydrochloric acid. 


It is still unknown how the parietal cells can secrete a strong mineral 
acid like hydrochloric acid. Although the true explanation is probably 
more complex, it is simplest to say that the reaction “NaCl + H,CO; 
— HCl + NaHCO, (ordinarily written in the reverse direction: HCl 
+ NaHCO,—NaCl + H,CO,) reaches equilibrium with a small 
ints eS present. If the HCl is removed, a small additional 
erent ee to restore the equilibrium. It is removed by 
sort happens i soe 7 9 into the stomach. That something of the 
ress, an alkaline uri ry the fact that while gastric secretion 1s 10 prog: 

ine is formed, eliminating the excess NaHCOs PI” 


duced as a by- 
4 Py-product of HCl formation—the so-called “alkaline tide.” 


Although onl 
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Pylorus i ; 

Not. This jg dee t ‘ 1s strongly acid, while that of the fund - 
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ynoroughly mixed with the food. This will be explained 
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wf cal a Pr 
ing the digestion 0 an average meal, about 800 cc, of gastri 
f servation takes vl ee 
pu - secreted: This secretion takes place during the three to 
- required for the meal to pass through the stomach 


foot eontrol of gastric secretion.—What stimulates the gastric 
to this great degree of activity? This has interested physi- 


lal , ears. 
De fOr many Y 
ologists 
jong a0 8 the early 1700's a man by the name of Réaumur studied 

§ ric jui His method of obtaining it was quite ingenious. He 
the 64 tame kite, a bird probably belonging to the buzzard family. 
ds of this kind swallow their prey whole and later regurgitate a pellet 
pres. g the indigestible parts, bones, feathers, or fur, etc. Knowing 
were indigestible, Réaumur fed his kite sponges. They 
were promptly regurgitated, soaked with gastric juice. He placed bits of 
meat in the gastric juice—and other bits in water as a control—and found 
ihat the meat placed in gastric Juice underwent a degree of softening and 
gisintegration which did not happen to the sample placed in water. 
From this he concluded that there were certain “ferments,” as he called 
them, in gastric juice. These are what we call enzymes today. About this 
time the kite died (probably of malnutrition), and Réaumur was un- 
able to find another. 


A hundred years later, 
on gastric secretion, “Experimen 


Juice.” Beaumont was a military s 
wascalled one day to treat Alexis St. 


in 1833, Beaumont published his classic work 
ts and Observations on the Gastric 
urgeon in northern Michigan who 
Martin, who had had the misfortune 


of being shot through the stomach. Beaumont expected him to die, but 
Alexis was tough and recovered except for the fact that the hole shot 
into his stomach would not heal. Beaumont brought the edges of the 
hole out through the abdominal wall, ran a purse string through them 
‘si “or sack), and there was Alexis, all equipped with a gastric 
nese UMgrOUs observations were made on the functioning of Alexis $ 
a strin - For instance, a piece of meat or a small fish could be tied to 
ai HP sen into the stomach, and withdrawn periodically aoe 
obtained si ines had proceeded. Or samples of gastric juices coul ia 
tWo men rm er various conditions and analyzed. Relations between t ; 
ical theditney bg happy, since Beaumont exhibited Alexis at mec 
is, and he as if he were a tame bear. Alexis was prov 
ran away several times. One of his methods 0 
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This burned _ 6 be made into his stomach.* 
and an opening <i subject, Dr. Carlson repeated Beaumont’s obsery, 
Mr. V. as ht in the main, remarkably accurate. He also i, 
u i: after all, much progress had been made in Physiology 
ears. He established the following facts: (I) 
th or without the stimulation of food: 


sults from regular stomach contractions, irrespective 


’ Studie 
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dical literature as “Mr, y nounced 
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fistulas are not too common, but much 
has been learned from animals. For this purpose, the famous Rus- 
sian physiologist, Pavlov, developed an operation called the Pavlov 
pouch, A portion of the stomach is separated from the main body, 
and gastric juice, uncontaminated by food, may be obtained from 
the pouch. Many dogs have been so equipped and studied; it does 
not seem to bother them.t 

Having said something about the experiments and the men who 
performed them, the question is, What was learned about the 
nature of control of gastric juice secretion? For one thing, we know 
that gastric juice secretion takes place in two phases. 

* His accident did not forever quench Mr, V.’s thirst for alcohol. The i 


habits of th 4 
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gastric juice j 
and, of course, into the main st ot. 
h ( Omach) in spite of the 


c 
anit no food has entered the stomach. If it is a meal whi 
enjoys» the flow will be abundant; if it is one for ae, the 
0 7 petite,” or if he is disturbed or angered while eatin ; - 
iy will be much less. This flow is so largely influenced by sraes 
and psychic factors that it is often called the “appetite juice.” 
This flow of gastric juice occurs, providing the vagus nerves are 
watact. If they are cut, no such flow takes place and it is therefore 
dear that the stimulus to the gastric glands are nerve impulses 
ver the vagi. About 200 cc. of gastric juice—out of a total 800 cc.— 
are secreted during the first half hour, while the meal is being 
eaten. Most of the remainder—600 cc. during the next 3-3.5 hours 
_is indirectly due to the same cause. In the human, as in the dog, 
anything that contributes to the enjoyment of a meal facilitates 
the flow of gastric juice; anything which distracts from its enjoy- 
ment is harmful. As Falstaff said, ‘Let health wait on digestion, 


and digestion on appetite.” 


quire to the exterior, it will be found that the 


oe all, the taste of food causes a copious flow of 
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On the other hand, here is Jimmie, coming in to his dinner, drooling 
with hunger, and what does he find? He finds a mess of spinach on his 
plate. He doesn’t like spinach; few healthy boys do, but he is told he 
must eat his spinach or leave the table. The meal is ruined for Jimmie; 
either he is sent away from the table, or he forces it down. It will be 
shown later that the pyloric sphincter, the opening from the stomach 
into the small intestine, will not permit the food to pass unless it is in 
* Proper state of digestion. Because Jimmie has not enjoyed his meal, 
re ow of gastric juice has been scanty. The meal is not in a proper 
Ro © of digestion, but remains in the stomach and ferments. Soon Jimmie 

‘sto the bathroom, a very sick little boy. . ‘ 
Per! ae time, Jimmie’s report card may be the disturbing me 7 
gun ‘his mother and dad decide that this is the time to ot reer 
lable nt, while the children sit in embarrassed silence. No, the oe 
not the place for disputes. It is a place where good spirits s 
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Let us now tie the two phases together. The appetite juice pro- 
duced during the first phase contains pepsin. This enzyme acts on 
the proteins present in the meal (every meal conmains some pro- 
tein) and breaks the protein down into split praieine. The split 
proteins now take over, and acting as secretagogues, stimulate fur- 
ther gastric juice secretion during the remaining 3.5 hours that 
portions of the meal remain in the stomach. This accounts for 
the remaining 600 cc. of gastric juice. So, the statement made be- 
fore, that the second phase depends indirectly on the first, has been 
substantiated. It should be noted, also, that there is no nervous 
clement involved in the gastric phase; secretagogues act whether 
the vagus has been cut or not. 

Gece cme re secennsragaiay stimulate gastric juice secretion when 
gastric glands is owe ak That this is not a direct effect on the 
of an experimental én awe cnet shat the glance wilitih che poo 
main stomach, siitsud tineaars when secretagogues are placed in mn 
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Some authors describe a third phase of gastric secretion, namely 
an intestinal phase, because cartaly types of extracts made Pai 
ie lining she intestine G0 stimulate gastric juice secretion. 
However, extracts prepared in other ways inhibit gastric secretion; 
enterogasirone is the name of one such inhibiting hormone. About 
ql] that need be said is that there appears to be a balance between 
gimulating and inhibitory hormones from the intestine; in any 
event, their influence on gastric juice secretion is minor. 


Peptic Ulcer 
There have been many bad jokes about ulcers, but the man who 
considers it a laughing matter. Ulcer is an in- 
with an estimated one to one and 
a half million cases in the United States alone. Recent figures 
from authorities have said that fully 5 per cent of our adult popu- 
lation develop peptic ulcer at least once in a lifetime; others place 
the figure as high as 10 per cent. The incidence fluctuates with 
economics, world events, etc. If the stock market is showing 2 
steady decline, the ulcer curve will steadily rise; if everyone 1s 
Nappy and prosperous, there are fewer new ulcers. In other words, 
the psychic factor is important in the etiology of most ulcers. 
i ee ulcers?—A peptic ulcer, as the relate ie on 
ot in the lining of the digestive tract as a result oF EM tne 
€ enzyme pepsin. The thing that starts pepsi digestns i 
sa is an j i t of the gastric juice: 
ough ¢ increase in the acid conten ha ath pepsin is un- 
ou isl Oe negede of gastric Jue senate: are ascribed 
Y the basic problem, most of the symptoms 
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loric acid 1s introduced by continuous dr 


stomach of a dog, ulcer almost invariably develops. 
3. Ulcers are almost always located in regions where gastric ;,; 
comes into intimate and forceful contact with the lining; thus ‘oe 
stomach, ulcers are almost always found along the “magenstrasse . ae 
region in the pyloris where the acidity is high and foods tends to _ a 
along; in the duodenum they are found just opposite the pyloric shin 
ter, where the gastric juice is “squirted” against the wall of the intestine, 
4. Measures which prevent the secretion of excess hydrochloric ae 
or which neutralize it, promote healing of the ulcer. , 
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Obviously, not all persons with hyperacidity develop ulcers, so 
we consider a second, commonly recognized factor—emotional 
stress. Our culture has produced a distinct “ulcer type” of per- 
sonality, the high-strung, hard-driving, often hard-drinking indi- 
vidual, who is usually in an executive position, and who is espe- 
cially prone to ulcers. How emotions may contribute to ulcer 
formation is suggested in the studies of Wolf and Wolff. 


Wall and Wolk haha 9 es had a gastric fistula that permitted 
worried—by auutelineus lirectly into his stomach. When Tom was 
observers threatened to fi he events or experimentally (as when his 
showed three pbncrmalfiie op to see what would happen) his stomach 
flow was excessive and it ( 1) it became hyperemic, that is, the blood 
hypermotility, i.e., Ha * Mung Was reddened and turgid; (2) it showed 

peristaltic activity was greater than normal; (3); 
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have merely been describing what they have in common. Al- 
inough they are found in two different places—the stomach and 


ihe duodenum, respectively—they look alike and cause similar 
distress. Both result from excess secretion of acid gastric juice with 
its destructive pepsin, but there the resemblance ends. 

Gostric ulcer is blamed on the hormone, gastrin, secreted during 
the gastric phase of digestion. The stomach goes through the 
“appetite” phase without trouble, but for some reason there is a 
delay in the movement of the food mass during the gastric phase. 
Distension of the stomach lining causes gastrin to be secreted from 
the antrum, the “‘bowl’ of the stomach; gastrin in turn stimulates 
the gastric glands to work overtime. The excess gastric juice with 
ill that acid lies in the stomach and eventually it begins to eat 
into the lining. Gastric ulcers bleed into the stomach and may 
actually perforate the stomach wall, Their relationship to cancer 
ofthe stomach is unclear at the moment; medical people are not 
a as to whether cancer, frequently caused by some m 
Cideial can result from the ulcer, or whether it 18 coe aioe 
bre aeneee to begin with; however, a connect 

8 obvious. 
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diagnosis ! pencil 7 t clear-cut and X-rays are taker 

Many times the case 1s not & _ a er taken, Ondj 
carilt. the stomach and other viscera, cI OF SOHt tissue, do no 
how up on the fluoroscope or the X-rity film; for that reason, 4 
socalled “barium meal” is taken, consisting Of barium sulfate 
suspended in water oF milk. Barium salts are Opaque lo Xerays, 
so that a photograph taken now will show the barium shadow, 
Any outward extension, as in the form of a pit, will be recognized 
as an ulcer; any inward extension indicates a growth, perhaps of 
The barium meal combined with X-ray was one of 


cancer cells. 
r B. Cannon's contributions to medicine early 


physiologist Walte 


in this century. 
When the X-ray reveals a growth in the stomach that calls for 


closer examination (or when gastric ulcer is suspected without 
using X-ray), the doctor may order an examination by the gastro- 
scope. Developed by Chevalier Jackson, this instrument works 
with the aid of mirrors. A jointed tube is passed along the esopha- 
gus into the stomach; a light is directed against the stomach wall; 
and the reflected light, by the system of mirrors, is transmitted 
upward through the tube to the operator's eye. Photographs may 
be taken and in this way the progress of the gastric ulcer followed, 

or other disease conditions may be spotted, 
wit en dee ne ee is excessive in all forms 7 
tion. This means stem : are nnn at the suppression of ae 
lating the gastric flow. “et vETEG; what was said about _ 
i must be monotonous in ¢ 4 _ OF tine Mist baig appenl= 
hence, food is tasteless seri reer to suppress the appetite et 
secretagogues. Meat mes tn unseasoned, because condiments até 
lhe forerunner of ih cohol are forbidden for the same reason: 
Sippy diet, name r ad regimes for ulcer patients was the 
* Mventor, Dr, Sippy. It is well-named 
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milk and a sip pr pa a the diet is bland to avoid the 
abrasive action of soli : feam 18 given in large amounts, since 
fat stays in the stomach onger and hunger pangs are avoided. 
yntacids are used to neutralize the hydrochloric acid. At one time 
odium bicarbonate was the antacid of choice, but the escaping 
COs tended to dilate the stomach, and thus cause pain. Nowadays, 
aluminum hydroxide preparations are commonly used. In the 
field of drugs, atropine, and more recently, Banthine and Pro- 
panthine, are used, Atropine has the effect of blocking nerve im- 
ulses over the vagus, thus disarming anxious thoughts of the 
duodenal ulcer patient. This eliminates the stimulation of the 
gastric glands during the appetite phase, but it also abolishes 
peristaltic movements also under vagal control, thus risking the 
hypomotility that can lead to gastric ulcer. Furthermore, all other 
parasympathetic effects are abolished as well; the heart beats more 
rapidly, the mouth becomes dry, etc. In the effort to find a drug 
which would act more specifically on the stomach and avoid these 
side effects, Banthine, and later, Pro-Banthine were developed, to 
be used along with an antacid—to combat the acid during the 
delay in emptying. 

In severe cases of peptic ulcer, or where the patient cannot 
maintain the rigors of the foregoing medical management, the 
only way out is operation. The least drastic procedure for elimi- 
nating duodenal ulcer surgically is vagotomy, introduced in 1943 
by Lester R. Dragstedt. In this operation, the fibers of the vagus 
going to the stomach are cut, abolishing vagal stimulation. 

A rather surprising consequence of vagotomy soon began mak- 
ing its appearance at the University of Chicago Clinics. Cured of 
their duodenal ulcers, the patients of Dr. Dragstedt and his asso- 
Clates were returning with gastric ulcers! The reason has already 
been given in connection with drug therapy. Cutting the vagi 
Spoiled the stomach’s tonus so that it did not empty properly. It 

came necessary to remove the gastrin-producing part of the 
Stomach along with vagotomy and/or provide drainage for the 
Stomach, 

Total removal of the stomach is called gastrectomy; it is fre- 
quently necessary in cancer and severe gastric ulcer. In partial 
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omach has surprisingly litt}e effe is 
the three enzymes of the pancreas—trypsin, amylopsin, and ste,” 
sin—are able to take over the functions of pepsin. What is tie ‘ 
the reservoir function of the stomach. Food 'S Normally store d 
within it and only gradually passed into the Intestine, over 4 
period of four hours for the average meal. The patient must adjus 
his eating habits to the loss of this reservoir, that is, he must eat 
small quantities of food at very frequent intervals, thus simulating 
the normal flow from stomach to intestine. 

All the above described efforts were for the purpose of control. 
ling gastric secretion. Control of the psychic or neurogenic factor js 
much more difficult, since it means changing the patient’s entire 
attitude toward life. It is easy to say “Now, just don’t worry,” 
but very difficult for the congenital worrywart to carry out the 
instructions. Complete removal of a duodenal ulcer surgically may 
constitute only removal of that set of symptoms; the patient who 
does not mend his ways is apt to find himself ailing again very 
soon in some other organ system. 

It is because of the neurogenic factor that any sort of “laying- 
on-of-hands” therapy frequently achieves spectacular success. If 
the patient is convinced that some form of faith healing will help 
him, help him it will. In few other diseases is confidence in the 
doctor more important. 

It has often been said that anybody can cure an ulcer; the pre- 
vention of remissions is much more difficult. 


The Pancreas 


Much of what has been said about gastric secretion applies to 
the pancreas as well. There are again two phases: a nervous phase, 
in which nerve impulses over the vagus stimulate the pancreas [0 
secrete, followed by a hormonal phase of secretion. Pavlov taught 
that there is an appetite phase for the pancreas just as for the 
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Cystic fibrosis.—This is a disease primarily of the pancreas, sittouys 
in general all mucus-secreting organs of the body are involved. It is a 
“new” disease, having been first described in 1938. In it, the enzyme 


secretions of the pancreas, especially trypsin, are deficient, but most of 
the difficulty is due to excessive mucus secretion 1n the lungs; in fact, 
the child (it occurs in one child out of 600) may strangle oni ie own 
secretions. It is thought to be hereditary; and since it is controlled by 
a recessive unit character, both parents must possess the recessive gene 


for the child to acquire the disease. 


The Gallbladder 
Bile is continuously secreted by the liver. The daily amount is 
about 750 cc., which is stored in the gallbladder where it is con- 
centrated by the re-absorption of water. Since the maximum capac- 
ity of the gallbladder is only about 50 cc. and since it empties dur- 
ing digestion only, it is apparent that the degree of bile concentra- 
tion in the gallbladder must be quite large; it is accepted as being 
between six- and seven-fold. Some animals, including rats and deer, 
do not have a gallbladder. However, the ducts are dilated and 
water is absorbed through their walls, as happens in a regular gall- 
bladder. 
“ Bane es emptying of the gallbladder is controlled is not Y*" 
ok ear ae Wes It is apparent that two things must mere 
the shee s oe of the gallbladder must contract whi 
ea i relaxes, This suggests a nervous mechan's™ 
and It Is thought that th ; 88 : d hown 
iN some animals that ws bbe is responsible; it has oe il 
effects of this sort. A sea KEE. OF fie vagus does p naguae . 
- A second, hormonal mechanism may eX! Ivy 


e to demonstrate, in extracts — —- - 
resence of a substance to which i ep thse iniees. 
toxin . jeer ee aon awkward as it ‘ name chole- 
eis" aA -bladder; “kinin’-activator.) It 8, has sense: 
iO gio of the bladder and relaxation of the orae both 
wnateve the stimulus may be, it is affected by th er. In any 
oie Sa of fat is large, the flow - Pies 
also be large. It will be remembered de into 
» OF Course, 


0 


inte 
the "ae chief function 0 


mplex fluid which GOneAliie) (1) alkaline salts, which 
ipt he hydrochloric acid from the stomach; (3) bi 
he!P ich are the substances in bile which accomplish “ ; nar 
3) bile pigments, 4 waste product from the faeces 
4) cholesterol, also a waste product. 
which occurs when, for any reason, bile 
t js not being excreted; its concentration in the blood rises 
kin and whites of the eyes are tinged with yellow. In ob- 
ndice, the bile ducts become plugged with gallstones 
e bile backs up into the liver until the liver can re- 
from the blood. In hemolytic jaundice, the break- 
is so rapid that the pigment cannot be removed 
fom the blood by the liver as fast as it is being formed. Toxic 
jaundice occurs when the liver itself is diseased, as in infectious 
hepatitis, OF poisoned and cannot carry out this normal function. 
As has been said, cholesterol is a normal constituent of bile. 
Cholesterol is not very soluble in water, but is soluble in a solution 
of bile salts, While the bile is undergoing concentration in the 
gallbladder, cholesterol has a tendency to precipitate, and should 
the bile salts be present in low concentration, OT should the gall- 
a be infected, permitting pile salts to be absorbed into the 
ood, cholesterol will form crystals, which “TOW as more crystals 
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The Small Intestine | _ 
The secretion of the glands of the small intestine is collectively 


called the succus entericus, and the volume produced per 24 
hours is quite large, probably around 3,000 cc. I here are two types 
of intestinal glands: the glands of Brunner, lying in its upper por- 
tion and secreting mainly mucin; and the krypts of Lieberkuhn, 
which are found throughout the length of the small intestine; they 
secrete the intestinal enzymes, sucrase, lactase, and maltase, and 
also erepsin. 

Their mechanism of control seems to be mainly nervous, by 
means of local reflex arcs of a kind described later, but the opera- 
tion of which may be mentioned here. Secretary nerve endings 
lying in the epithelium of the intestine are stimulated by the 
presence of chyme; their fibers make connection, in the connective 
tissue layer lying between the two muscle layers, with motor fibers, 
which pass to the intestinal glands, stimulating them to secrete. 
There is also some reason to believe that the glands are subject to 
stimulation by secretin, or some hormone like secretin. The prob- 
lem is difficult to study. Obviously the glands of the small intestine 
cannot be cannulated, as can the pancreatic duct. 

Various methods have been tried to determine whether the 
stimulus to the intestinal glands is nervous or hormonal. It could, 
of course, be merely mechanical, a direct action of the chyme on 
the intestinal glands, One such method is the so-called Thierry- 
Th koe hel — peng use of a small portion of the intestine, 

nd tied, in which intestinal fluid can be col 
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yor0F acTiVITIES OF THE DIGESTIVE system 
mastication 
yman adults have a normal complement of 32 teeth, | 

and 16 below, whose function is to bite and chew the aig ee 
veeth give him a lot of trouble, from his first toothache “ san 8 
ends his days with a mouthful of store teeth. Pyorrhea, a di ntil he 

e gums, causes the loss of many; tooth infection and soatlidit 7 
dental caries) account for the rest. Tooth infections, in inter 
ckets form on the roots of the teeth, are suspected of hen 
sible for some cases of arthritis, but the number of rece 
hat have been needlessly pulled in an effort to cure arthritis 


pus poe 
respon 
teeth t 
js enormous. 

The prevention of dental caries through the addition of fluorine 
to the drinking water has been highly successful; this will be men- 
tioned again later. Heredity is no doubt one of the most important 
factors determining for good sound teeth or weak, crumbly ones. 
Someone has said that the only way to be sure of good teeth is to 
choose your parents carefully. The English almost uniformly have 

oor teeth, while the North American Indians have strong, white 
ones. Some people brush their teeth three times a day and others 
never do; the results are about the same. 

The movements of the lower jaw (mandible) in chewing are con- 
trolled mainly by three groups of muscles: the masseters, the tem- 
porals, and the pterygoids. All work together in raising the lower 
jaw against the upper, while certain fibers of the pterygoids re- 
tract it. Side-to-side movements of the mandible, such as take place 
in grinding the food, are produced by contractions of the ptery- 


goids. These are all voluntary muscles and are sup 
voluntary nervous system, specifically, a branch of the fifth (trigem- 


inal) cranial nerve. 
Chewing has other functions in addition to the er _ : 
reducing the food mass to smaller size. hes Kar yar pe re 
i i an , con- 
18 mi ; iva; this moistens the ood, 

bead sits ths h. The food is rolled into 


tained in saliva, begins its action on starc md eae 
a bolus, or ball, by the action of tongue and cheeks, 
ide necessary lubrication. One func- 
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mentioned, is that thorough chewing os 
ion of nerve endings for taste, located in . food 
already indicated how important taste ha taste 
enjoyment of food and how important the latter is in ire in the 
gastric juice secretion. “Fletcherism’— after Fletcher, he ek 
that each mouthful of food should be chewed fifty Satiseens a, ht 
exaggerates the importance of mastication; on the other Seti 
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should not bolt his food. 


tion not always 
permits stimulat 
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Deglutition 

The act of swallowing is easier done than described. It occurs 
three stages: (1) the propulsion of the bolus from the mouth an 
into the pharynx; (2) the passage through the pharynx into hs 
upper end of the esophagus; and finally, (3) the propulsion throu ‘ 
the esophagus into the stomach. The first phase is voluntary ‘e 
other two, involuntary. Once the bolus has passed into the phaeens 
the only way it can be retrieved is by the use of a stomach pump 

The first stage of swallowing is accomplished by the arching of 
the tongue against the hard palate, the cheeks being slightly sucked 
in at the same time. This propels the bolus, lying on the tongue, 
into the pharynx. 

The swallowing reflex is induced when sensory nerve endings, 
lying within the lining of the pharynx, are stimulated by the 
touch of the food against them, and nerve impulses pass to a cen- 
ter lying in the medulla of the brain—the swallowing center. 
From it, nerve impulses are sent over motor nerves in a number of 
directions, and accomplish a number of things almost simultane 
ously. The pharynx is provided with a number of muscles, of 
which the mylohyoid is the most important. It encloses the pharyn* 
in a thin muscle coat almost as a glove encloses the hand. When it 
contracts, as it now does under stimulation from the swallowing 
aa - hig inside is put under pressure, and being s!P 
dua ashton er he OF dn Eat ES sallow ig 
respiration. Th to the respiratory center, temporarily 1” from 

e pharynx is a sort of crossroads. Food gee 


the m to 
outh to the esophagus, and air goes from the nasal passag® 


i Digesti 
achea; One line of traffic should halt whil = 
et 


» tl 
nee arion i i 
ration is temporaril 7 
P y inhibited whi] 


he ot 
50 resp" her proceeds, 


e€ the food Passes 


igh. 
will be noted that there are four possible ex; 
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arynX: and all but one of these a ; 
re The exit to the mouth is larked wea swallowing, 
the arched position, held there by impulses howe dis acts in 
centel- (2) Escape of the bolus into the nasal phar : e swallowing 
py the lifting of the uvula, or soft palate. (3) Exit fhe eee 
prevented by ane rising of the larynx against the epi ade ie 
rising and falling of the “Adam's apple” is cove evide : 
when one watches a man with a skinny neck eating his aint 
This effectively closes the glottis. All other exists having thus been 
dosed, there is no place else for the bolus to go except into the 


esophagus. 


Muscular Activity in the Esophagus 

The third step—propulsion through the esophagus into the 
stomach—brings us to a word which will be used frequently on the 
next few pages. Peristalsis, is a type of muscular activity passing 
along a tube, such as the esophagus. The advancing portion of the 
wave consists of a relaxation of the muscle while the rear portion 
of the wave is a contraction of the muscle. The control of peristalsis 
differs in different regions, but the actual muscular activity is al- 


ways as described. 
The peristalses which propel the 
of the swallowing reflex. This can be shown by cuttin 


agus and bringing the two cut end 
burger is rammed into ¢ 
happen, but if the dog is then fed ane (2 
a wave of peristalsis starts at the upper ene, iv OP eens prov fing 
hamburger and propels it into the stomac \. See stOp8 wg 
the vagus nerves are intacts if they are cub ; ind stage of swallowing is 
point of cut. From this we conclude that the ag lying in the vagus 
controlled by the swallowing center, the motor 
gs h through the cardiac 
The esophagus opens into the enn hose normal state 
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ing to the stomach, nothing will 
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of contraction is such as to keep the opening which jx i 
closed. However, the advancing wave of peristalsis js thes, 
which opens the sphincter, and the rear part of the wave, Which 
contraction, forces the bolus through. (It should be pointed - 
that although “cardiac” refers to the heart, the cardiac sphincter « 
no part of that organ; it gets its name from being located nea; the 
heart.) If a sip of water be taken, the contraction of the mylohyoig 
is sufficient to “squirt” the water through the esophagus. Arrivin 
at the sphincter, however, it finds the sphincter closed and be 
wait for the peristaltic wave to catch up and open the door. This 
takes about six seconds. Birds have a weak mylohyoid and fue 
depend on the force of gravity to carry the water down, hence they 


lift their heads when drinking.* 


The Stomach during Hunger and Digestion 

When empty, the stomach simply hangs there, more or less like 
a wet sock; as food enters, the walls relax to accommodate the food. 
There is therefore very little pressure exerted by the walls of the 
stomach upon its content. 


Many years ago a man named Pitcairn calculated that the stomach 
exerts a pressure of several thousand pounds on its contents. (Sometimes 
it may feel that way). A few years later Spallanzani swallowed some small, 
hollow wooden balls. They were quite fragile, but nevertheless, passed 
through the digestive tract and were voided, uncrushed. This showed 
that very little pressure was exerted anywhere within the digestive 


system. 


There is very little activity of any sort in the body of the stomach 
during digestion. Occasional, gentle peristaltic waves sweep down- 
ward from the cardiac sphincter. These have the effect of “milk- 
ing” the layer of food that is in immediate contact with the wall 
down into the pyloris, exposing a fresh layer of food to the | 
of the gastric juice. Here lies the answer to the question prev! 
raised as to where the action of ptyalin, secreted in saliva, W 
take place. Since the main mass of food in the body of the stomac 
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thank God for the cool, fresh water. It may be that they do, but the physiol’ 
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jisurbed and unmixed with 8Aastric juice en = 

jg wh 6 which to act before being destroyed om has several 
"nn the gastric juice. y the hydrochloric 

i 
"1s Se ee ca at be shown by feeding a rat his dine; 

_ each course being colored with a different q ner In several 
cour or so, the rat is killed and his stomach remo ie Within half an 
out to sections. The layers of food will be fou pes frozen, and then 
aut the other. ne nicely arranged, one 
against 

In the pyloris, on the other hand, there are deep and violent 

ristaltic waves. Here the food is thoroughly mixed with the acta 
gstic juice, ptyalin digestion ceases, and peptic digestion hes 
place. 2 

During hunger, the activity of the stomach is quite different, 
After it has been empty for some time, deep peristaltic waves 
sweep through the stomach from cardiac to pyloric sphincter. After 
each such wave, the stomach does not relax to its original state. 
There is an increase in tonus, as it is called. As this continues, the 
increase in tonus finally reaches the point where partial tetany 
occurs; the walls of the stomach remain rigidly contracted. These 
are the so-called hunger pangs. After a few minutes, peristalsis 
resumes, but now, after each wave, relaxation becomes more com- 
plete until the stomach relapses again into quietude. The periods 
of activity are from 1.5 to 2.5 hours long; the periods of quiet some- 
what longer; and the duration of the tetanic state, several minutes. 


_A.J. Carlson recorded this activity in himself and others, by inne 
"g small balloon which could be inflated. He attached a tube ‘hana 
+4 tambour—a small metal chamber covered by a thin rubber re — 
Pa 4drum—and recorded the pressure changes. Carlson — Sleaeal 
. feeling of hunger pangs is actually hunger in the P Oak m 
rte and distinguished this hunger from the gems ames 
Memon He labelled appetite as a purely psychic P 

a Rites of delicious meals and the desire to repeat t nly 
hunger may be “hungry” in the physiologic sen 

lor foo Pangs) but perhaps because of illness, 
(Our tine Or, as we all do, he may have an ap 


petite fo 
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ine MES a day, but only rarely be actually hungry * 
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pre 


by the vomiting center, located (as such centers always are) in 
nated ‘dutla of the brain; however, It acts largely through the re. 
sds? mented A high positive ere - at abdomen is 
achieved by simultaneous contraction of the Haphragm and the 
abdominal wall. (It will be recalled that in ordinary breathing the 
abdominal wall is relaxed when the diaphragm contracts.) During 
the contraction of the diaphragm, the glottis is closed. (In ordinary 
breathing the glottis is, of course, open.) This produces a strong 
negative pressure in the thorax. These are the very disagreeable 
retching movements, accompanied by a strong contraction of the 
pyloric region of the stomach. The body of the stomach relaxes, as 
does the cardiac sphincter and esophagus, and so the content is ex- 
pelled. 

Sensory impulses which evoke the vomiting reflex arise from a 
number of locations, the most important being the stomach itself. 
In the ordinary case of indigestion, food remains in the stomach 
longer than it should, usually because of the lack of gastric juice 
secretion, the reasons for which have previously been given. Food 
then “ferments,” and the products of fermentation are not the 
products of normal digestion; they are organic acids of various 
sorts: acetic, butyric, lactic, etc. These act as irritants and stimulate 
sensory nerve endings lying in the lining of the stomach; impulses 
sey sp be rp eal and vomiting follows. High se napti 
woiildlae of the fa the stomach act similarly, which explains the 

oxicated person. The emetic agents used by our 
grandmothers to induce vomiting, such as soap suds, mustard 
water, €tc., act in the same Way. 

Vomiting iN gastric ulcer may be al , Here we 
have the combination of food if ; ; 7 er aight f the 
Pyloric sphincter—between ce etention, due to the spasm © _ 
the pain Fries haa ca stomach and small ok el of 
the inner Sit Will he Ia a of the semicircular cana 

ed later: however, a certain type ? 
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pelching 

pelching (or burping) usually occurs when the stomach is over- 
filed. The esophagus dves not enter the stomach at the very to 
put rather from the side. Air rises in the space above the entry of 
the esophagus, forming an air bubble. When the stomach is over- 
dilated, this bubble is pressed against the diaphragm, which then 
contracts against it; a certain amount of air is forced downward to 
the level of the esophagus and is expelled with the familiar burp- 


ing sound. 


Passage through the Pyloric Sphincter 


Few questions in the physiology of digestion have been more 
thoroughly studied, and with less success, than this: What controls 
the gate between the stomach and the intestine? Even the great 
Walter B. Cannon tore his pants on it; he thought that acid on the 
stomach side opened, while acid on the intestinal side closed, the 
sphincter. This has since been adequately disproved. 

As one watches peristalsis in the stomach of the experimental 
animal, one notes that although most strong waves open the 
sphincter ahead of themselves, many others do not. Some have 
thought that it is a matter of timing, that if the relaxation phase of 
a pyloric peristalsis coincides with the same phase of an intestinal 
peristalsis, then the sphincter opens. 

_ Although the exact mechanism remai 
important things are known: (1) The opening of the sphincter ce 
pends on the chemical state of the food, that is, to what extent di- 
gestion has occurred. (2) It depends on the physical state, namely, 
the degree of fineness of the chyme. On the chemical side, the — 
of digestion will obviously depend on an adequate seareon” : 
8astric juice; if this has not occurred, the sphincter will not open, 
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and food will be retained in the stomach. Also the prese 

much fat in the diet retards the opening of the sphincter ieart of 
foods are retained in the stomach longer. On the physical r fatty 
presence of large particles or solid masses delay the open ing * the 
one has seen a child gulp a banana and later become ill, it 
ture of a banana is such that the grinding effect of pyloric Radian 
sis has little effect on it; it just sort of slides between the nathestns 
waves. This is not to say that bananas are unhealthy, but only rn 
they should be thoroughly chewed. at 


Segmentation and Peristalsis in the Small Intestine 

Two types of muscular activity occur in the small intestine. Seg. 
mentation, as the name implies, means the division of the intesti. 
nal content into segments by the contraction of rings of muscles, 
These rings of contraction shift back and forth and have two effects 
—a thorough mixing of the food with digestive enzymes and the 
constant exposure of fresh layers of food for absorption. Segmenta- 
tion appears to be an inherent property of intestinal muscle when 
stimulated by the presence of food; at least, no nervous mechanism 
controlling it has yet been discovered. As will be explained later, 
segmentation is also largely responsible for increasing the blood 
pressure in the veins which carry the blood to the liver. 

Peristalsis in the small intestine consists of short, interrupted 
rapid rushes, first here and then there. This peculiar type of peri- 
stalsis is explained by the mechanism that produces it, namely, the 
so-called Auerbach plexuses. These are nerve elements consisting of 
sensory and motor nerves which make their connections, no 
central nervous system, but in the connective tissue layer between 
the muscle coats. They are therefore intrinsic (“lying within”) nerv’ 
elements; although influenced by extrinsic (“outside”) nerves, they 
may function independently. The reflex which they oman 
namely this peculiar type of intestinal peristalsis, is therefore 
intrinsic reflex (sometimes called the “myenteric reflex”). It ope™ 


as follows: 
: Jexus, 
In a section of the small intestine equipped with an Auerbach F oT) 


the presence of food acts as a stimulus to the nerve en a muscle 
nerves. Impulses are conveyed to the center, lying betwen 
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piles a" 1S exists This i serie Nong, uo @ egion where 
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versed, 10 food will pass through. It simply piles up in front of the 
reversed section and unless the obstruction is relieved, the animal dies, 
The same mechanism Is responsible for the clangerous effects of intus. 
usceplion of the intestine, which sometimes occurs in babies. One re ion 
of the intestine slides into the adjacent region; the Auerbach defen 
are thereby reversed, and unless surgery is immediately undertaken the 
child will die within a very short time. 
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The time normally required for food to pass through the small 
intestine is about four hours; since the same time is required for 
passage through the stomach, one can figure that the tail end of a 
previous meal is just leaving the small intestine about 8 hours after 
the meal has been eaten. 


The motor activity of the digestive system is influenced by nerve im- 
pulses reaching it over both the parasympathetics and the sympathetics. 
The vagus supplies the parasympathetic innervation as far as the large 
intestine, at which point the pelvic nerve takes over. (This dual inner- 
vation holds for motor activity only, apparently the sympathetics are 
nowhere involved in secretion.) 

In general it can be said that the stomach and the intestine, but not 
the esophagus, are capable of functioning in a nearly normal manner 
when both types of nerves have been cut; in this respect they resemble 
the heart. We have seen that the Auerbach plexus is quite capable of 
functioning alone; similar nerve mechanisms exist in the stomach and 
et also in the large intestine. 

‘ith both extrinsic nerve supplies int tale gE 
of the vagus gives an slp 3 and depth of peristalsis a ms 
‘aneously relaxing the sphincters, thus tending to sacs . vriatalals 
none Sympathetic stimulation, on the other hand, ans 1 ‘eal Bath 
nil contracts the sphincters, thus retarding the . 5 piesnes and 
Mechanisms are thought to act by way of the Auer baftee decreasing, 
Pie lar plexuses, the vagus increasing, and the sympat) 
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defecate when frightened when we have said before that in exciteme 
it was the sympathetics which were active; these should cause contrac oh 
of the sphincters, rather than relaxation. However, it appears that a 
such emotions as fright, both sympathetics and parasympathetics in 
and in this case the parasympathetic effect predominates, are 


active, 
Activity in the Large Intestine 

At the junction of the small and large intestines lies the ileocoli¢ 
sphincter or valve. It operates more like a valve than a sphincter 
permitting easy passage of material from the small into the large 
intestine, but normally preventing any backward movement. 

The accompanying sketch represents the end of the line. By this 
time all food has been absorbed; the material entering the large 
intestine is entirely waste and will be expelled as the feces. When 
it enters it is highly liquid; during 24 hours some five liters of fluid 
have been added to the food by the various digestive glands, and 
although much of this water has been reabsorbed, much more 


needs to be. This is accomplished by anti-peristalsis of the ascend- 
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alue to anyone except surgeons. It is 


a little blinc 
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1 pouch lying 


form appendix 


of no val : what is willed « een 
remain, an evolutionary hanger-on. It is stil] functional j vestigial 
eating rabbits and such. Appendicitis is only ra in lettuce. 


i rely caused b : 
ike a penny (nowadays it would be a dime) lodging in an pete 


jt is almost always a secondary infection, with the primary infecti 
lying in the teeth, tonsils, or elsewhere. Bacteria reaching the a —— 
are very happy there; it is warm, there is plenty of food, and shiva al, 
they are left undisturbed by peristalsis. Being tissue invaders ‘they grade 
the wall of the appendix, greatly weakening it. Suppose this person now 
takes a cathartic. Cathartics work in different ways but all have the 
effect of increasing the strength of peristaltic waves, including the 
strength of the anti-peristaltic waves in the ascending limb. It requires 
little imagination to see what happens next. The material in the intes- 
tine, forced by the strong waves of anti-peristalsis against the weakened 
wall of the appendix, causes it to rupture, and the bacteria-laden mass 
is expelled into the peritoneal (abdominal) cavity, resulting in a gen- 
eralized peritonitis. 

A recent paper reported a study of over 200 cases of ruptured appen- 
dix; it was found that in a very high percentage the rupture followed 
the taking of a cathartic. What is more surprising, in a high percentage 
of these cases the cathartic was administered by, or on the advice of, 
a physician. It would seem that not even all the members of the medical 
Profession are aware of this danger. 
_In the remainder of the large 

mass peristalsis occurs. 
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_ The physiology of toilet training. 
intestine, beyond the ascending limb, 
This is a wave of peristalsis that arises at t 
through the entire length of the intestine, 
nto the rectum. In the un-housebroken animal or child | sat 
ment takes place whenever food enters the stomach. It ts a 
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x: The normal stimulus that produces a flow of Saliva ; 
f food in the mouth; however, by introducing some i IS the 
stimulation, such asa ringing bell or flashing light, just before the related 
is fed, the time comes when the ringing of the bell alone causes sa] animal 
to occur. Normal salivation is an unconditioned response, The Ge 
stimulus is called the conditioning stimulus, and the animal is saiq eign 
come conditioned to the ringing of the bell. 0 be. 
Pavlov showed further that conditioned reflexes were subject to 
siderable modification. It was possible, for instance, by ringing the ee 
some minutes before the meal was fed to so condition the animal hn 
salivation would occur a corresponding time after the bell was ice 
and so the occurrence of the conditioned reflex could be delayed, rf 
found, too, that the introduction of any disturbing influence, such as q 
cat, or a hostile dog, would prevent the reflex from occurring, Finally 
he found that it was occasionally necessary to “reinforce” the reflex by 
actually giving the animal his dinner when the bell was rung. 


ivary refle 
presence 0 


How does all this apply to our present problem—the establish- 
ment of toilet training? The gastrocolic reflex is comparable to the 
unconditioned response for salivation, but just as the latter can be 
conditioned and modified, so can the former. The child, or dog, is 
taught, with punishment or reward as motivation for learning, 
that there are times and places where the reflex should be obeyed, 
but also times and places where it definitely should not be. Obedi- 
ence to the reflex occurring after breakfast strengthens it and so 
must people establish an early morning habit of bowel evacuation. 

Often a child, with a good, strong habit formed, loses it when 
starting school. Many things must be done in the morning; the 
child must be gotten ready, breakfast is on the table, the school bus 
is coming soon, and so anything that can be postponed will be post- 
poned. The mother notices, after a few days, that the child is con- 
stipated. She can now do one of two things. She can fill the child 
with cathartics, which only aggravates the situation because It 
places reliance on the cathartic rather than on a normal function 
of the body. It is better to insist that the child re-establish its for- 
mer habit. By getting the child out of bed ten minutes earlier, an 
making elimination one function associated with the other ron 
tines of getting ready, she will quickly get relearning. 5 to 

The question of cathartics.—There are obviously two wer : 
be considered. One is the nervous factor—the conditioned T¢ 
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nervous element is at fault, as in the case j 
erally wrong to take cathartics, since mor 
jaced on them. In the second case, in illa 
‘inal muscle loses strength, and here cat 
Chances are that no great harm is done in 
jsa pretty rugged organ. How else would 
jions of doses of cathartics with which i 
earliest history? One wonders at the nece 
versal habit of taking cathartics when so 
properties and taste good, besides: for 
figs, and orange juice. It seems the avera 
spend his money in the drug stores. 

Cathartics work in various ways. The saline cathartics—the clas- 
sical “salts” —are not absorbed, but work by increasing the osmotic 
pressure within the intestine. This not only prevents water from 
being absorbed, but actually draws water into the intestine from 
the blood. The intestine responds to the increased stretch of its 
muscle fibers by an increased strength of contraction. Similarly, 
such things as gelatin, bran, etc., increase bulk by absorbing water. 
Others, such as cascara, phenolphthalein, etc., act by direct irrita- 
tion of the muscle. Probably the safest and best are the mineral 
oils, which merely lubricate the fecal masses. Even in this case 
there is the danger that continued use of mineral-oil laxatives will 
Prevent the absorption of fat-soluble vitamins. 

One can summarize all this by saying that the establishment of 
Proper habits of bowel evacuation is highly desirable; that an occa- 
sional failure is not a matter of life or death;* and that the taking 
of an occasional cathartic (except when there is possibility of ap- 
Pendicitis) does no harm. 

Constipation and auto-intoxica 
mains in the body longer than 36-48 hot 
Called “constipation.” Symptoms vary, there 1 


literature of a man who went 360 days 
that time his abdomen was enormously 


but nothing worse. 


any case; the human gut 
it have survived the mil- 
t has been purged from 
ssity for this almost uni- 
many foods have laxative 
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ge American would rather 


tion.—If the residue of a meal Te- 
urs, the condition is 
s usually a dull head- 


* There is a case reported in the medical 
Without a bowel Bn. oo At the end of 
‘listended, and he suffered from dizzy spells, 


es | eae On 
ache, lassitude, perhaps irritability, bad breath, furred t 
dizziness, and there may be nausea. ONngy 
Because of the unpleasant character of the feces, it - 
thought, and still is by many, that these symptoms denote ONce 
intoxication, that is, the absorption of toxic substances Wling 
intestine, In fact, another famous Russian, Metchnikogf ha on 
covered the phenomenon of phagocytosis) believed that the lines 
intestine was man’s worst enemy and responsible for al] his “ne 
including falling hair, falling of the womb, and fallen arches “ 
developed an operation in animals—and recommended its applica 
tion to humans—whereby the large intestine was removed shortly 


after birth. 


We would not go so far today, but it is not many years ago that full. 
page advertisements in popular magazines claimed that constipation 
symptoms were, in fact, due to auto-intoxication. The pictures showed 
a distinguished looking doctor, with pince-nez and goatee, pointing to 
a chart of the large intestine and saying to the patient, usually a woman, 
“The fault lies here.” The reading matter of the ad went on to say that 
she was undoubtedly suffering from auto-intoxication and should take— 
said this particular paid announcement—two cakes of yeast every day 


to relieve the condition, 


Advertisements as blatant as this no longer appear, but in many, 
featuring peanut shell breakfast foods and the like, the implication 
is that the evils of constipation are somehow due to auto-intoxica- 
tion. A moment’s thought, however, should indicate the fallacy of 
this belief. In constipation, the fecal masses are hard and tightly 
packed, a physical condition most unfavorable for absorption of 
anything from them. Then, too, the almost immediate relief that 
is experienced when a cathartic has done its work argues against It, 
if the body were “intoxicated” it should take some time for the 
effects to wear off. As Alvarez says: ““A drunken man does not sober 
up the minute you take his whiskey bottle away.” 

At one time, the bacterial flora were suspected. In the ie 
colon two types of bacteria are found to flourish in enormous _ 
bers—the colon bacilli, which attack proteins and produce nee 
ber of substances that could presumably be harmful, . ae 
acidophilus group, which attacks carbohydrates and proe™ 
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it of organic acids, acetic, lactic, 
ned by high concentrations Of these 

if the number of acidophilus lype were incre: 
that esumably harmful colon bacilli wouk 
ora So Bulgarian buttermilk had its da 
sie than American or Scandinavian is hare : 
"tk in any language is an almost pure cultur 
ihe most prominent of the acidophilus grou 
af colon bacilli did not seem to decrease, it was realized that the 
ractic acid bacilli had to be fed something else. As has been said, 
practically all food has been absorbed by the time the large intes. 
‘ine has been reached, sO the feeding of the lactic acid bacilli was a 
problem, until it was realized that the adult secretes very little lac- 
tose (just as he secretes very little rennin), and thereafter huge 
amounts of lactose (milk sugar) were fed. This had the desired 
result as far as the colon bacilli were concerned; they disappeared 
from the colon, but there was no improvement in the subjects; 
those who formerly became constipated still did, and their symp- 
toms were the same as they always had been. 

We have said that the colon bacilli produce substances which 
are potentially harmful. One of these products is histamine. How- 
ever, it has been shown that an animal can safely be fed enormous- 
ly greater amounts of histamine than could possibly be produced 
in the colon. This is because histamine is not absorbed from the 
intestine. So, although histamine may be produced, it cannot pos- 
sibly do any harm, since it is not absorbed, and the same is true of 
‘imilar bacterial products. 

Further, it is known that the liver de-toxifies a number of such 
Products, Thus the amount of tyramine—another product of bac- 
terial action—given an animal by injection which is ae i 
ill him, is much greater in the intact animal than in one whose 
ver has been removed, a 
’ om up all this evidence, the conclusion is inescap 
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anation was given by Alvarez. Working with a large 

of subjects, he asked them to note es net what symptoms qh? 
experienced when constipated. He then brought them into the hospit 
and gave each one a strong cathartic. There could then be no dueni. 
of auto-intoxication, since the gut was clean. Then he packed the ecm, n 
and lower part of the intestine with cotton, wool, or similar inert “ 
stance. Each subject experienced exactly the same symptoms as he aa 
previously, when he had been constipated. Removal of the materja] Bay. 
relief in the same length of time as had a cathartic in the past. Fro : 
which Alvarez concluded that the symptoms of constipation are due - 
physical causes rather than the absorption of chemical substances 
namely, the mechanical stretching and irritation of the bowel by the 
hard, dry, fecal masses. Just how the headache, a prominent symptom in 
many cases of constipation, is caused by stretching and irritation of the 
gut is not known, but certainly many types of irritation, eye strain, for 
example, can cause a headache. 


The exp] 


After having spent all this time in an effort to show that auto. 
intoxication does not exist, we have recently had some disturbing 
findings.* With the introduction of the antibiotics (such “‘bacteria- 
killers” as penicillin) it has been possible to render the intestines 
of animals completely sterile, that is, completely free of bacteria. 
Such animals—chickens, pigs and cattle—do unquestionably grow 
faster. It appears then that some bacterial product is absorbed from 
the intestines of ordinary animals which retards their growth. This 
is, of course, quite different from saying that the symptoms of con- 
stipation are caused by auto-intoxication, but it does re-open the 
question of whether bacterial products may not, after all, in some 


way enter the blood. 


Defecation 

When fecal material enters the rectum, either as the result of 
the gastrocolic reflex or because of its accumulation in the large 
intestine, the defecation reflex is initiated. A rise in pressure from 
the normal of around 20 mm. Hg to about 50 mm. occurs, and this 
results in a flow of sensory nerve impulses from nerve endings 


* This is one of many examples to show that physiology is a constantly eg 
subject, You will never “take physiology” in the same sense that you may _ . “ee 
bra.” The principles of math are immutable; thus the square root of X! is 
minus X; it always has been and always will be. 
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nin the wall of the rectum toc aay 


fe the medulla of the brain. Fro 
cord ° ass outward over parasympathet 
yee producing strong peristaltic mo 
an nic flexure onward. The defeeq 
ee se communication with the Tespiratory center an 
: ‘he diaphragm is made to contract powerfully. At th 
ihe abdominal wall contracts, resulting in an increas 
githia the TectUm: tO abit 200 mm. These moveme 
plished with the glottis closed; they are the so-c 
movements. At this time the internal anal sphinct 
parasympathetic control, relaxes and the €xternal sphincter is yol- 
untarily relaxed, resulting in the expulsion of the fecal material. 
The length of time during which material from the meal remains 
in the large intestine is variable, but ordinarily the residue from 
the first part of a meal is excreted within 24 hours after the meal 
has been digested and the latter portion within 24 to 36 hours. 

With the exception of cellulose—the indigestible wall of plant 
cells, in this connection practically synonymous with “roughage” 
-the feces ordinarily contain very little of the ingested foods; ab- 
sorption accounts for 95 to 100 per cent of their removal. Bacteria, 
dead and alive, represent from 10 to 25 per cent of the bulk of the 
feces, the remainder being the products, or what is left of them, of 
materials added by the digestive glands. 

The color of the feces is due to stercobilin, an oxidation product 
of bile pigment; their odor is due to indole and skatole, derived 
ftom the action of bacteria on certain amino acids. The volume of 
the feces is reduced during starvation although their composition 
is not greatly altered; the reduction in volume is ascribed to 
fact that in starvation the digestive glands have not been ae 
“4 ‘ecrete. The peanut shell type of breakfast fib eee 

ove, because of the large amounts of cellulose w ich . “a 
“iN, are used to increase the bulk of the feces; by distension © ’ 
oa they act as laxatives Except in colitis (inflammation of the 
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itself, One has to fill the upper end three times a doy a3 tion 
the lower end once. It gives rise to burps and funny tnlaes y 
when air burbles through the liquids in the intestine and aa 
appropriately, borborygmus. They are embarrassing ™ che 
where they sound like a fast train going through a tunnel. The 
gestive tract is a frequent source of pain and discomfort, ne di. 
these things work together to make it an organ system enbdst. 
vulnerable to self-medication. y 

The digestive system is frequently the “target organ” jn by 
chondria (the hypochondriac is always imagining that he js scky 
None would think of asking a druggist for a pill to treat his failing 
heart or for a tonic to treat his high blood pressure, but the amount 
of cathartics and laxatives poured into the defenseless human gut 
is staggering. It is not surprising that the hypochondriac frequent. 
ly centers his attention on his digestive system. This reaches the ex. 
treme in the case of the man, too fervently introspective as to what 
his gut was doing, who reported himself as pregnant. There is 
another story of the psychiatric patient who told her doctor that 
she had three kittens in her stomach; when they slept, all was well; 
when they played, her stomach hurt pretty badly; and when they 
fought, it was unendurable. He tried in vain to convince her that 
nobody’s stomach could house three living kittens. Finally the 
neighbor’s cat had kittens, which were drowned. He obtained three 
of them, told his patient that he was now convinced of the truth of 
her ailment. He gave her a strong emetic, palmed the dead kittens 
into the bowl and showed them to her. She left, cured. But unfor- 
tunately, in six months she was back, complaining this time of hav- 
ing three baby lions in her stomach. 

The high incidence of cancer of the stomach and the fact that 
the symptoms of early cancer are vague and mild (when they do be- 
come severe, it is many times too late for surgery) require that one 
should pay some attention to the behavior of the gut. About all one 
can say is that there is a middle road between complete disregard 
on the one hand and too lively an interest on the other. Or call] it a 
line between normal and abnormal interest. 


CHAPTER 12 


ABSORPTION 


AND FATE OF FOODS 


By absorption is meant the passage of digested foods through the 
lining of the intestines into the blood or lymph. Practically all ab- 
sorption takes place from the small intestine. A few drugs and alco- 
hol are absorbed through the walls of the stomach, but no foods. 
Glucose is an exception, but it must be present in such high con- 
centrations as to cause vomiting. Furthermore, we eat very little 
glucose, which is formed mainly in the small intestine as the result 
of the action of the disaccharide-splitting enzymes. Therefore, ab- 
sorption of food does not normally occur through the stomach 
walls, 

Water is absorbed throughout the length of the small intestine 
and also, as has been noted, in the ascending limb of the colon. 
With normal digestion, between 95 and 100 per cent of all carbo- 
Mia fats, and animal proteins are abana Ta eae, 
that ae ell pao SH eve rennalnilg 30 to 40 
Per sci ais oe aa is i. “a4 he intestine, which 
Tesults ap bacterial decomposition in i | gas (“flavus 

the formation of large amounts of intestinal 8 hays 
_ "would be fine if some sort of “governor existed in the 


t d. 
neo that only the amount of food needed would be absorbe 
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CAUSES, 
needed or not 

The small intestine | | a, 
meters long—is divided by anatomists into three regions: ‘ 
duodenum comprises the first 29 em.) then the jejunum extends . 
abour 2.9 my and finally the ileum makes up the hist half of 


small intestine. It is an organ peculiarly well adapted for thson 
hale ) 


_ o : , 
a tube about 2.5 em. in diametey 


tion. Its inner surface is covered with tiny, finger-like Projections 
called villi. There are some four to five million. villi, se small 
that they can scarcely be seen with the naked eye, but giving to the 
lining a sort of velvety feel. Their presence obviously increases 
enormously the surface available for absorption. In addition to 
this, they are capable of movement; a slip of smooth muscle ex. 
tends into them, making lashing movements and push-pull move. 
ments possible. These movements result in fresh layers of intesti- 
nal content being constantly brought into contact with their sur- 
faces and greatly aids in absorption. 
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ing the course of digestion, carbohydrate 
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S are broken down 
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_ 4 glucose atest amount. The. «, 

vt e . . : ese 
ars” pass into the nload capillaries of the villi, which ey ry 
sug ry into the portal vein, which in turn empties into aa 
€ liver, 


ly might be well to ask at this point, What 


It 
opel the blood through the portal vein? This is one of the f 
ew 


n the body where blood, having passed through one set of 
capillaries, most Dow pes through another. The liver sinuses _ 
oh srictly speaking, capillaries, but they resemble capillaries in 
what there must be some pressure behind the blood to force it 
ihrough. Undoubtedly, the main force propelling blood through 
the portal vein and liver sinuses is segmentation, described in 
the last chapter. It squeezes the blood forward from those regions 
more or less continuously, at least during absorption, and its net 
effect is to exert enough pressure on the blood to drive it through 
the portal vein and the liver sinuses. In fact, segmentation is some- 
times called the “portal heart’; it is not, of course, an organ like 
the heart, but it does exert a similar propulsive force. 


Provides the pressure 


10 Per 
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The Liver's Role in Carbohydrate Metabolism 


If, during the absorption of a meal high in carbohydrates, one 
takes blood samples from the portal vein and, simultaneously, 
samples of blood from the hepatic vein, and determines their glu- 
‘ose content, one finds that the portal vein blood contains the most 
slucose, We know it has not been burned in the liver, since the 
liver’ oxygen consumption has not increased. The only explana- 
l'on is that it has been stored in the liver. A section of the liver of 
tte animal, properly stained and examined under ie peed 
alee tiny granules of a pink-staining substance " t 7 od 
0 bes a compound is glycogen. It is absent from er for 
itis nthe animal, So now we know what happens to “t g a 
8 moved from the blood and stored in the liver cells as 8 

i oS Process is called glycogenesis. vite 18 
urs. 7 ntervals between absorption, the opp maauedh 

8lycogen is broken down into glucose, and the § 


action 


=f Qte Of Fog 
carried away by the blood. This is called glycogenolysis, tet ds 
tened by stimulation of the sympathetics and by the ints has, 
adrenalin. This, you will recall, has been mentioned as the wn of 
of the fuel which the animal requires in an emergency, That. 
this is true can be shown by perfusing a liver of a starved anj all 
with a solution containing glucose. As the solution Passes rer 
the liver, the glucose disappears, and simultaneously With its dj 
appearance, the accumulation of glycogen granules in the liver a 
be demonstrated. If now a salt solution containing NO glucose is 
passed through the liver, glucose appears in the solution, and 
simultaneously with its appearance, the granules of glycogen dis. 
appear. The discovery of glycogenesis and glycogenolysis was the 
work of the famous French physiologist, Claude Bernard, in the 
nineteenth century. 


Fate of Glucose in the Body 

All starch and half of the sucrose and lactose in the diet are con- 
verted into glucose. In all this talk of glucose, however, we must 
not lose sight of the fructose and galactose, although they are 
present in much smaller amounts. Fructose is converted into gly- 
cogen by the liver but, when released, comes out as glucose; the 
same thing happens to most of the galactose. However, small 
amounts of galactose are present in the blood of milk-drinking 
people, where it serves this very important function: 


At birth the nervous system is complete as far as the number of nerve 
cells is concerned, but the fibers, especially those in the spinal cord, have 
not been “myelinated”; that is, they have not been covered with a myelin 
sheath. Myelin is a complex, fatlike compound, and one of the elements 
which goes into the formation of myelin is galactose. For the baby to 
make use of galactose in synthesizing myelin, it must be supplied ey 
the blood. The function of the myelin sheath will be described later; 
suffice it to say here that myelin acts as an insulator around nerve fibers, 
keeping the nerve impulses within their proper fibers; lack of ans 
tion of the baby’s muscular activities before the myelin sheath 1s oa 
formed is due to leakage of nerve impulses from one fiber to anom™ 
ody may be 
ed as glyc” 
gen 


The fates which eventually befall glucose in the b 
summarized as follows: (1) It may be temporarily stor 4 
gen In the liver, as just described. It may also be stored as glyc 
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‘5, to be discussed later, (2) A om- 
in the muscles, ssed later. (2) A small amount enters 


jpto the protoplasm i cells and into the synthesis of certain 
Mandula? secretions. (3) Depending upon the habits of the nina, 
sucose may be converted into fat and stored as fat. The hog, for 
example, is fed corn; corn is almost entirely starch; yet the hog gets 
fat on it, as does the human hog. (4) It is oxidized, i.e, burned. 
Glucose is the body’s chief fuel, and the ultimate fate of glucose is 
to be burned. 

Before considering the question of glucose oxidation, let us first, 
by way of summary, show how these various factors work together 
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maintaining a constant level of glucose in the bloog, " te 
i; normally 100 milligrams (mg;) glucose per 100 cc. blood wee 
would mean one gram per liter, or a total of 5-6 gm. glucose 3." 
the blood within the body. Yet a man might sit down and eat 5 
om. of starch in a single meal; all this starch turns into lice 
a“ 


and still his blood glucose level would not rise appreciably, 


Ose in all 


The diagram is intended to show how this level is kept constant, F 
the lower left on the diagram, absorbed glucose enters the blood ha 
the intestine. As will be shown later, a considerable amount of ie 
may also be formed from amino acids; this entry is shown as wel} The 
question of the conversion of fat into glucose is still] open; we bn 
indicated it as a possibility. 

As blood sugar rises, glucose is removed and stored in the liver as 
glycogen (glycogenesis); as it falls, glycogen is reconverted into glucose 
and as such enters the blood (glycogenolysis). 

At the right are shown the uses to which glucose may be put. Any 
significant rise in the level of glucose above its normal of 100 mg. to 
100 cc. of blood is called hyperglycemia; any significant fall, hypoglycemia, 

It will be noted at the top of the diagram that there is a final way that 
glucose may leave the blood. In most people, if the glucose level rises 
above 170 mg. per 100 cc. of blood, the kidneys excrete glucose in the 
urine. This is called glycosuria. It does not mean that all glucose leaves 
the blood, nor that the level cannot rise above 170 mg. (in advanced 
diabetes, the blood sugar may exceed 1,000 mg.). It is more like a dam 
with a hole in it at a certain level; the water may rise above that level, 
but some water will squirt through the hole. 


Types of Glycosuria 


Alimentary glycosuria results from the intake of an excessive 
amount of carbohydrate. Probably never with an ordinary diet, 
even though the diet is high in carbohydrate, will the blood sugat 
rise to such a level that glucose will be excreted. But if one ate ‘ 
pound of candy at one sitting (candy being largely sucrose, - 4 
only requires the action of one enzyme, sucrase, for its digestion) 
or if one ate a large amount of glucose itself (which requires 70 
gestion), the storage capacity of the liver might be ex ceeds Ww 
other outlets would not have sufficient time to cope Wi th the Bow 
and glycosuria would then result. jence 9 

Another type is emotional glycosuria. During the exp — 
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— screen and void a 
jen i] void one containing glucose. At 
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. disbauns Gn first, both doctor 
uae may suspect diabetes; but it may well be that the eXx- 


jo Pe and worry which the patient is experiencing 
teme feeltte football players, sitting on the bench 
gle 54 ame, almost always show glucose in their uri 
;mportant a field, even more excited, do not, since the 
fellows ve glucose as they play. Even medical stude 
ing UP ; amination, have been found to be excretin 
crucial 08 In other words, they are suffering from e 
their ae is nothing abnormal about this 
ie hysiological happening. 
norma fr ird type is diabetic glycosuria. The foregoing types of 
The ia are intermittent; however, if glucose is continuously 
glycosurh the urine, it almost invariably means diabetes. Here the 
ae w t is Hlosked, and glucose is not burned. Since, in addi- 
chief nag betes the liver is unable to store glycogen, it is easy to 
one ine blood sugar would rise to the point of urinary excre- 
gee 
tion and beyond. 
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Biologic Oxidations 


Before discussing glucose specifically, a few words fen, bn ms 
about biologic oxidations in general. Under Resp han ren is 
how oxygen is supplied to the tissues and how car a auehe te 
‘moved from them. These happenings rep ca caathnte steps. 
ginning and end of oxidation; there are many a ‘ust as much 

It must be realized that the burning of hydrogen J to say that 
Part of metabolism as is the burning of carbon, ene molecule 
*xidation may be either the addition of =e he in the oxi- 

cing burned or the removal of hydrogen from It. rocesses OccUur- 

ation of ethyl alcohol to acetic acid we have both p 
ting: 


O 
| 7G O. 
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One atom of oxygen has been added and two atoms of hydro, 
have been removed. It is clear that energy must have heen we 
ated, even though no carbon dioxide is produced, since (1 er. 
atoms of hydrogen have been burned, and (2) the degree of bis 
tion of acetic acid is higher—it contains two atoms of oxygen—ah 
that of ethyl alcohol, which contains only one. mt 

Biologic oxidations require the cooperation of many enzym 
systems; it is in fact surprising that a cell can hold so many, [t " 
now believed that these enzyme systems occupy the mitochondria 
of cells, which is the reason these are frequently called the “dyna. 
mos of the cell.” In the breakdown of glucose to Pyruvic acid, as we 
shall soon see in our diagram of glucose oxidation, a number of 
“phosphorylation enzymes” are necessary. In the transfer of the 
acetyl groups into the citric acid cycle, another enzyme, called “co. 
enzyme A,” is required. To split carbon dioxide loose from such a 
compound as citric acid, the enzyme decarboxylase is employed: 
and finally, the removal of hydrogen and its final fusion with an 
atom of oxygen to form water requires a whole system of enzymes, 
called the “cytochrome system.” It is believed that many of these 
enzymes are derived from vitamins and that a deficiency of certain 
vitamins will cause disease through failure to supply parts of nec- 
essary enzymes. 

Since most of the reactions shown in this diagram liberate ener- 
gy, the question of the storage and use of energy requires considera- 
tion. It is now believed that the storage system consists mainly in 
uniting adenosine with phosphate groups in such a manner that 
when the connecting bonds are broken the energy will be quickly 
liberated. Such a compound is adenosine triphosphate (“ATP”). In 
it three phosphate groups are attached to the adenosine, two of 
them by means of such “high-energy” bonds. In the formation of 
ATP one phosphate group is attached in the usual way (A-P), but 
the other two require a good deal of energy to become attache 
Thus ATP is A~P ~ P ~ P, the wavy bonds indicating that they e 
high-energy bonds. Obviously, if one or both of the energy Port” 
is broken (which, again, is accomplished by enzymes) this ec 
again liberated. The way in which these bonds are broken 4? this 
energy put to use in muscular contraction, is described later a 
book (pp. 575-82). 
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However, and this point must be emphasized, when . “on 
bits and quotas of energy are added up, the total an, ‘hese 
duced, no matter in how many intermediate stages, adds , IEG, 
glucose, to 4.1 Cal. per gram, which is exactly the amount foy 
would get if you burned it by igniting it with a Match, and + ‘he 


¥ he @ 
products are the same, namely carbon dioxide and Water end 


Oxidation of Glucose: The Krebs Cycle 
This is a subject which has been intensively studied by bj 

chemists and physiologists for many years. It is a very com ri 
process, and ideas concerning it have changed with the a “s 
years. Many years ago at the University of Chicago, Nef attempted 
to oxidize glucose in an alkaline solution (as the blood is) with 
mild oxidizing agents, such as hydrogen peroxide, Periodically, he 
analyzed samples from the brew and identified more than ninety 
different organic compounds, Certainly not all of these are pro- 
duced in the body, but the experiment shows what a labile and 
reactive substance glucose is under oxidizing conditions. 


At present glucose oxidation is explained in terms of the citrie acid 
(Krebs) cycle. This also covers the oxidation of fats (right side of dia. 
gram on page 351), to which we will refer later in this chapter. 

The steps involved in glucose oxidation may be briefly described, as 
follows: 

1, Before being burned, 60 per cent of the amino acids ingested are 
converted to glucose. This plus the glucose from starch and from glycerol 
combines with phosphoric acid to give a series of phosphorylated com: 
pounds, : 

2, If there is adequate oxygen, pyruvic acid is formed; if not, lactic 
acid is formed, and this is later oxidized to pyruvic acid. 

3. Pyruvic acid may lose CO,, thus becoming an acetyl (two-carbon) 
group. This unites with a four-carbon acid, oxalo-acetic acid, to form 
citric acid, a six-carbon acid. : nd 

4. Citric acid gets on the merry-go-round, periodically losing = « , 
hydrogen until it winds up as oxalo-acetic acid again, which is aval 
for combination with other acetyl groups to form citric acid; and so 
process is repeated, 


Acetyl groups, as will be shown later, may come from : +" ms 
also from amino acids. There is, then, a sort of “metabolic a 
into which all foodstuffs can be dumped and burned. gee 3 it 
zymes are required for these reactions; and, if they a: 
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glue pancreas 


‘1 connection with digestion; however, the pancreas—or certai 
yarts of it—is also a member of the endocrine system, Serta 
among the enzyme- producing elements (acinous tissue) of dhe an- 
creas are little islands of cells called, after their discoverer “a 
islets of Langerhans. These are not connected with the duct wnat 
of the pancreas and do not secrete any of the digestive enzymes; 
their function 1s to secrete the hormone insulin directly into the 
Vhen the islet cells do not secrete insulin or secrete it in 


blood. 4 
amounts, glucose is not burned. The result may be the 


insufficient 
disease diabetes. 

The discovery of insulin and its use in the treatment of diabetes is a 
iuscinating story. It begins on the day in 1889 when two German physi- 
cians, Von Mehring and Minkowski, removed the pancreas of a dog. 
Their reason for doing it is not generally known; actually, they at- 
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tempted it bec use Claude a nae a that it could no 
done. It és a difficult operation, YECAUSE t le ¢ lief artery Supplying tl 
pancreas also supplies the lower margin of the stomach and tying os 
that artery means depriving the stomach of blood, However, b 
fully dissecting out the branches of the artery that supply the Pancres, 
and tying off these branches, they did succeed in doing it, ; 

That these gentlemen did not expect anything Important to com 
from the experiment is shown by the fact that they went on their Vare. 
tions right afterward. However, the caretaker noted something he had 
never seen before, namely, that ants were attracted to the Urine recep, 
tacle beneath the dog’s cage. On their return, he reported this to them 
and they found that the urine contained glucose. The presence of glu. 
cose in the urine is so specifically a symptom of diabetes (the Germans 
call diabetes die Zuckerkrankheit or “sugar-disease”’) that they at once 
suspected that the dog had been rendered diabetic, which was proved 
to be the case by further experiments. This was the first experimentally 
produced diabetes, and many workers, all over the world, now attacked 
the problem. 

Since removal of the pancreas caused the disease, it was logical to 
attempt to prepare an extract of the pancreas to overcome it. This 
proved to be much more difficult than anticipated. A histologic study 
of the islets of Langerhans (which had been described earlier, although 
their function was not then known) brought to light the fact that if the 
sections were prepared without using alcohol, small granules—which 
must have been insulin or its precursor—could be seen within the cells. 
However, if alcohol were used, they could not be seen, indicating that 
the granules were soluble in alcohol. So alcohol was used as the extract- 
ing agent, but without success. 

Scott, at the University of Chicago, in 1914, advanced the cause greatly 
and actually had insulin in his hands. He had once read a book by Claude 
Bernard in which Bernard described an experiment in which he had 
injected paraffin into the pancreatic ducts of dogs and found that the 
pancreas nearly disappeared; all that remained were some tiny, lumpy 
little structures. Scott tied off the pancreatic ducts, which had the same 
effect. Deprived of their pancreatic enzymes, the dogs did not do well, 
but enough of them survived to show that Claude Bernard had been 
right. The little lumps remaining behind were the islets of Langerhans, 
and an extract made from them yielded insulin. It can be seen how 
impractical the method was; few of the dogs survived, and the amount 
of insulin obtained was very small. 

The years passed until 192] when Banting and Best announced er 
discovery of a practical method for obtaining insulin. They also ‘i 
read a book, a text in embryology, in which it was stated that in a 
fetus, the islet tissue developed first and later, the enzyme-producing 
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Before the advent of insulin, control of diabetes was entire] 
way of the diet, and many mild cases are so controlled tod, 4 
the advanced case, it was formerly an open question: Would ain 
betes kill the patient first, or would he starve to death? This j 
what made diabetes such a feared disease in children (few surviyeq 
more than two or three years) since the growing child must be 
given a generous diet in order to supply food to promote growth, 
In other words, the child cannot be starved in order to combat 
his diabetes. 

While it is usually taught that insulin is necessary for glucose 
to be burned, the mechanism of its action has never been estab- 
lished, and there is even some doubt as to whether the statement 
is true. As you now know, there are many enzyme systems involved 
in the burning of glucose, and interference with the action of any 
of them, due to the absence of insulin, would result in failure of 
it to be burned. There are those who believe that the action of 
insulin is on the cell membrane; that, in its absence, glucose call 
not enter the cell, and, of course, cannot then be burned. The the- 
ory that because of the absence of insulin glucose is not burned 15 
called the under-consumption theory. 

There are others who take no stock in the under-consump i” 
theory, but instead believe that the whole fault lies in wer 
duction of glucose. In their view, diabetes 1s essentially . dise - 
of the liver. The function of insulin, according t0 this view, : 
oe ; ‘ Jucosé 
inhibit the liver; in its absence, the liver produces 8 eats (gl 
hugely excessive quantities from proteins, and also from "odut 
coneogenesis). As we shall see presently, it is an excess 3 Pils the 
formed from the burning of fats (ketone bodies) whic 
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sjous disease of childhood, scarlet fever or diphtheria, it is - fee 
an action of the toxin on the islets of Langerhans, distiee by 
ction on heart valves or kidneys. = 

Most reasonable is the overwork theory. This is, simply, that 
the islets fail because of overwork; they have been forced bs put 
out so much insulin in the past that they cannot put out any more. 
We might well ask here, What is the stimulus to insulin secretion? 
The answer is, A high blood-sugar level. Many unsuccessful efforts 
have been made to trace secretory nerve fibers to the islets; the 
eect of other hormones on them has been studied, but the out- 
come always appears to be that when the blood sugar rises, this 
rise, of itself, is all the stimulus the islets need to increase their 
output. 

Evidence supporting the overwork theory follows: Experimen- 
tally, if four-fifths of a dog’s pancreas is removed, he becomes 
temporarily diabetic. But whether he remains so or not depends 
® how he is fed. If given a low caloric diet, especially ae ‘ 
In carbohydrates, he makes a prompt recovery; the remaining “at 
enlarge and are able to secrete adequate amounts of insulin. 
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likely to be a glutton—and diabetic as a result, Even the hint, 
incidence following childhood diseases can be similarly explained. 
after the disease, the urge is to “stuff” the child—he murs get his 
strength back. And so the islets, possibly weakened by the disease 
are called upon for efforts in excess of their capacities—and fail 
The overwork theory does not completely rule out heredity aS 4 
contributing factor, After all, there are many fat people without 
diabetes and a few lean ones with it. It may be that some weakness 
of the islet tissue is inherited, and that, plus the overwork, brings 
on the disease. 

The opposite condition to diabetes, hyperinsulinism (excess se- 
cretion of insulin), is rare, but does occur. The symptoms are the 
same as when the diabetic takes an overdose of insulin, There is 
a fall in the blood sugar which results in weakness and dizziness 
and, if severe, in hypoglycemic convulsions. 


The story is told of a Methodist bishop who suffered from this condi- 
tion. One day he lost consciousness because of his low blood sugar. He 
was walking down the street when this happened, and the policeman on 
the beat, being more familiar with alcoholism than with hyperinsulin- 
ism, thought the man was intoxicated. With much cursing and beating, 
he finally aroused him. The bishop, violently angry at being mistaken 
for a common drunk, leaped to his feet and began berating the aston 
ished policeman, who had never seen a man so hopelessly drunk as this 
one sober up so quickly. 


The explanation, of course, is that the bishop, experiencing a 
strong emotion of anger, had, by means of adrenalin, eclanciate 
glycogenolysis and temporarily raised his blood sugar to a norm® 
level. Hyperinsulinism is due to the formation of tumors in the 
islets of Langerhans and is treated by removal of the tumors. 
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ve oil results in its deposition as olive ait 
live oil runs into his posterior parts and : Ut 
he sits, in a puddle of olive oil, so to speak; he cannot get up again aa 
out assistance. We read that some brilliant county agent in the South, 


recommended that farmers plant peanuts for their hogs to eat. Ho 
like nothing better than to root up peanuts, and the farmer liked nothin. 
better than to be able to sit and rock while the hogs fattened themselye. 
It worked fine; hogs rooted and farmers rocked, until the hogs thee 
slaughtered and the sides of bacon hung up. If the room was at all warm, 


all the fat (peanut oil) dripped onto the floor. 


Thus feeding 4 dog oli 
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ans the deposition of too much fat js 


Although among hum 
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necessary. Around the kidneys, for instance, a deposition of fat js 
hich serves as a cushion to protect them from shock 


always found w 
Some subcutaneous fat is also worth having since it acts as an in. 


sulation against the cold. This is especially important to the Eski- 


mo, who usually has considerable. 

Finally (3) fats may be burned. For purposes of maintaining the 
body temperature, the burning of fats is important, since one gram 
of fat has more than twice as much heat value (9.3 Cal.) as does a 
gram of glucose (4.1 Cal.); most people tend to eat more fat in 
the winter for this reason. In the liver, the fat is again split into 
glycerol and fatty acids; the glycerol is converted into glucose and 
simply joins the metabolic pool of glucose in the body. 
omplex. In terms of the Knoop-Embden 
theory—one of the oldest—it is explained as follows: There is first a re- 
moval of hydrogen (dehydrogenation) from the second and third carbon 
atoms from the end carrying the acid group. These hydrogen atoms are 
burned to water. Following their removal a double bond is formed be- 
tween the carbon atoms. While one might think that this would be a 
point of strength (after all, a horse tied with two ropes is more securely 
fastened than a horse tied with one), this is not true of carbon atoms. 
The double bond is, in fact, a point of weakness. The two-carbon frag: 
ment splits off—this is a so-called acetyl group—and joins the metabolic 
pool already described. There, in the end, it is burned to carbon dioxide 
and water. Oxidation of the remainder of the fatty acid occurs; dehydr “id 
genation again; again a two-carbon fragment breaks off; and so, two ©) 
two, like the animals going into the Ark, the long, fatty acid chain ® 
broken down. 


The burning of fatty acids is c 
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Acetone has an aromatic, fruity odor which can easily be detected 
on the breath of the advanced, untreated diabetic. 

The point is that the diabetic cannot split the four-carbon frag- 
ment into two two-carbon fragments as the normal person does. 
The difficulties caused by the accumulation of ketone bodies in 
the blood of the diabetic are twofold. The acids (hydroxybutyric 
and aceto-acetic) are excreted by the kidneys; however, to a great 
extent they are excreted in the form of their sodium salts, —_ 
ing in a constant loss of base from the blood and a shift in # 
toward the acid side (diabetic acidosis). It has been stressed 9 
important a constant, slightly alkaline pH is to the pee 
brain especially is affected by the acidic condition of the nee 
Diabetic coma (loss of consciousness) occurs, and, if ante 
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sul in death. Further, acetone is 
ntributes to the fatal outcome. 
This failure of ketone bodies to be burned is ascribed b 
ander-consumptlon ichool to the failure of glucose sublaniog , 
gubner expressed it: “Fats burn in the fire of the carbohydrates : 
Under some circumstances this can be shown to be true If for 
instance, One attempts to oxidize ketone bodies with hydro en 
eroxide, they will not oxidize until glucose is added to the is 
tion; then, as the glucose oxidizes, they do also. The gvepprodue 
tion adherents believe that as the liver converts fatty acids to glu- 
cose, it encounters difficulty with the four-carbon fragments, even 
making more of them from acetyl groups, and so loads the blood 
with them. It is impossible to say, at the moment, which view is 
correct; the final solution awaits further research. 


a direct brain poison and so 
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ABSORPTION AND FATE OF PROTEINS 


The final products of protein digestion are the amino acids, and 
in this form they are absorbed into the blood. The above is glibly 
stated: however, it seems that some proteins may be absorbed as 
such. Thus, if a dog’s own plasma be placed in his intestine, the 
plasma proteins are absorbed unchanged. The various food idio- 
syncrasies (cases where a person becomes violently ill after eating 
shrimp or strawberries) are thought to be examples of an antigen- 
antibody reaction where the protein escapes digestion and enters 
the body as whole protein through the intestine. In spite of this, 
it is still true that the usual thing is for proteins to be hydrolyzed 
into amino acids and the latter absorbed. During the absorption 
of a meal high in protein, the amino acid content of the blood rises 
from its normal level of 30 mg. per 100 cc. of blood, as does the 
amino acid content of all tissues, especially the liver. There is still 
some question as to whether proteins are stored in the body. Pres- 
ent evidence favors the view that smal] amounts of protein are 
held in reserve by certain tissues, especially the ee ead tis- 
Sue of the skin. In myxedema, a disease in whieh ti eet 
1s depressed, a large amount of protein is stored um : " aa ma 3 
Us tissue, and it is thought that, in persons In g00 Aca 
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system—that at all times it is undergoing change, This ; Mati 
especially to the proteins. Amino acids are constantly ents 
the cells of the body where they are built up into Protein. ter} r" 
particularly true of the child, whose mass is increasing as ne 

ys 


down more muscle and other tissues. In fact, the child's 
requirements for this reason are three to four times those of 

adult. However, a continuous breakdown and re-synthesis of the 
proteins also takes place in the adult. ell 


Enzyme and Hormone Synthesis 


Large amounts of amino acids are used in the synthesis of pro- 
tein cell products; these include all the enzymes and certain, al. 
though not all, of the hormones. The hormones of the pituitary 
and of the pancreas (insulin) are examples of protein hormones, 
We might stop for a moment to marvel at the “intelligence,” one 
might almost call it, of the glandular cell. Here, for example, is a 
chief cell of a gastric gland. Of all the twenty-three amino acids 
supplied it by the blood, it picks and chooses just those that it 
needs for the synthesis of pepsin, and picks them in exactly the 
correct proportions. It is as if a blind-folded man were confronted 
with twenty-three bins, each bin containing a part of a machine, 
a bolt, or screw or whatever, and told to correctly assemble a piece 
of machinery out of this raw material. In the islets of Langerhans, 
a cell, receiving the same blood as did the chief cell in the gastric 
gland, selects other amino acids in other proportions, and puts 
them together in other ways to manufacture its product, insulin. 
Then there are the cells which form antibodies, the antibodies 
themselves being protein; they pick and choose from the same 
assortment and come up with an entirely different product. 


Oxidation of Protein and Formation of Urea 
] be 


The amount of protein which should be eaten per day = 1 
discussed later, but the average American eats between 100 a 
120 grams. This is greatly in excess of the amount needed for ™ 
processes described above. om 

The excess protein is burned. It is rather expensive cael 
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However, it is probably much more complicated than that. In 
any case, urea, formed by the liver, is passed into the blood, carried 
to the kidneys, and excreted in the urine. About 90 per cent of all 
amino groups are converted into urea; certain other nitrogen- 
containing compounds are formed in smaller amounts. 


Of these others, urie acid should be mentioned. The proteins of the 
nuclei of cells (nucleoproteins) yield groups which are converted into 
unc acid, When uric acid is produced in excess, it precipitates, usually 
i the joints of the toes—of all places—and the disease is called gout. 

Ut is especially prevalent in England, where such entrails as tripe 
he lining of the stomach), kidneys, liver, sweetbreads, etc., are vora- 
uoualy eaten. These are all glandular foods; at least, they are all foods “ 
: . the ratio of nuclei to protoplasm is high. (In good red gral 
the “ak, the ratio of nuclei to protoplasm is much lower.) sper hen 
and bs eats a lot of nucleoprotein and forms a lot of uric 

“Sa lot of gout. 
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these fatty acids are the same as all other fatty acids so 
hope vanishes.) For proof of the above statements, we } 
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FUNCTIONS OF THE LIVER 


Each has been discussed in its proper place, but it might be 
well to summarize liver functions at this time. They are (1) forma. 
tion of red cells in the fetus; (2) storage of iron; (3) storage of 
vitamin By»; (4) destruction of red cells (and other types of phago- 
cytosis) by the Kupffer cells; (5) formation of prothrombin: (6) 
formation of albumin and fibrinogen; (7) removal of bile pigment 
from the blood; (8) synthesis of bile salts; (9) excretion of bile: 
(10) glycogenesis and glycogenolysis; (11) gluconeogenesis; (12) 
dehydrogenation of fatty acids; (13) deaminization of amino acids: 
(14) formation of urea; (15) formation of fatty acids and glucose 
from amino acids; and (16) detoxification of toxic substances ab- 
sorbed from the large intestine. 

In view of all these functions (and no doubt many others, some 
of which may not even be known) it is fortunate that the liver is a 
fairly rugged organ and not very susceptible to disease. It is subject 
to attack by several viruses. Serum hepatitis has been mentioned; 
whether infectious hepatitis is caused by the same, or another 
virus, is not definitely known, and unfortunately, the incidence of 
infectious hepatitis is apparently increasing. Cirrhosis of the We 
(hob-nailed liver) is caused by very excessive alcoholism, and xs 
tain chemical agents such as benzene and chloroform may P ah 
the liver, but the liver itself can hardly be blamed for ine th 
fortunes. Even primary carcinoma of the liver (cancet ree 
the liver) is rare, although metastases (secondary growths a 
liver) are common. 


METABOLISM AND NUTRITION 


To be adequate, the diet must provide for (1) the energy require- 
ments of the body and (2) the material requirements of the body. 
That is, it must be adequate in amount and of the proper quality. 
Under the first heading, the energy content of foods will be bal- 
anced against the energy requirements of the body; under the 
second, such questions as the proper amounts of the various food- 
stuffs as well as the necessity for the inclusion of materials not 
strictly foods, such as vitamins and mineral salts, will be con- 
sidered, 


ENERGY REQUIREMENTS 
Three types of energy are produced by the body: electrical, 
mechanical, and heat. Electrical energy 1s negligible from the stand- 
Point of absolute energy expenditure (but it is important; the 
ECG will be recalled, and nerve impulses are electrical in nature). 
Mechanical energy (work) is translatable into heat energy, as isi 
a see. And a great deal of heat energy is expended in a 
“ining the temperature of the body. All energy which feet 
Moduces can be expressed as heat. The unit taal 
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| liter of water 1° C. (This is not absolutely correct, but ‘ titig 
for our purposes.) This is the large calorie (Cal,), also he ice 
kilocalorie, and will be used throughout the followin a ed the 
The small calorie (cal.) is only one-thousandth as lar iy asin, 
amount of heat necessary to raise the temperature of | : 8 the 
1° C. If a man’s caloric intake in the form of fied 3 Water 
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caloric output in the form of energy, he is saiq to be ih his 
equilibrium and will neither gain nor lose weight. Oric 


Caloric Value of Foods 


It is true that we do not eat calories; we ea 
bread, and milk. However, the number of gra 
fats, and proteins in these and all other food 
If the caloric value of one gram of carbohyd 
is known, it should be easy to calculate one 
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To determine the caloric value of foodstuffs, a bomb calorimeter is 


laced; it is 


ture was increased, the heat produced by the burning food can easily be 
calculated. 


Suppose one gram of glucose was placed in the calorimeter and 
burned. Say the calorimeter contained 4.1 liters of water, the original 
temperature of which was 20° C. with a final temperature of 21° C. Since 
4.1 liters of water had its temperature increased by 1° C., the number 
of calories produced would be 4.] Calories. This is the calorie valve of 
glucose, whether burned inside the body or outside of the body: one 
gram of glucose liberates 4.1 Calories of heat. 


How we can be sure that a gram of glucose burned within the 
body liberates the same amount of heat as when burned outside? 
The answer is one upon which much of the science of chemistry 
is based—if the end products of two reactions are the same, then 
the amount of energy liberated is the same. Since the end products 
of glucose burning in the body are carbon dioxide and water on 
these same Products are produced in the calorimeter, the ya 
of energy Produced in both cases is the same. It does not mat 
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jucose in the body underwent the citric acj " 
cycle, NOT how many intermediate SOdice cycle or any 
Going now to fats, if our tank contains 9.3 hoor Produced. 
ae pant “| med, the temperature will rise 1» Pte 
peat energy P rome hen vs lories. Again, the products 5 rt 
purning of fat inside and outside the body ar of the 


e the same 
; i ; » Na 
carbon dioxide and water, and the caloric value of fat is 9 ae 


The case of protein is different. If one gram of protein is b 
in the calorimeter, 5.4 Cal. of heat are produced. The ota 
roduced in the body is less, however, since the amino grou —. 
not burned, but excreted as urea. Now, if the urea from tewcn 
of protein is burned, it gives a value of 1.3 Cal. Subtracting 1.3 
from 5.4 gives 4.1 Cal., which is the caloric value of protein when 
burned in the body. 
A few examples may be in order: 
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Two grams of glucose are burned in a calorimeter which con- 
tains 8.2 liters of water. By how many degrees will the tempera- 
ture rise? 

The heat produced by the burning food must equal the heat 
taken up by the water; therefore, grams of food times caloric 
value per gram, equals liters of water times degrees of tempera- 
ture rise. Substituting, we have 2 x 4.1 =8.2 x X or 8.2X = 
8.2; X = 1. 


Five grams of fat were burned; the temperature rose 3° C, How 
much water did the calorimeter contain? 
5x 9.3 =X x 3; 3X = 46.5; X = 15.5 liters. 


A certain amount of glucose ts burned; the calorimeter con- 
lained 8.2 liters of water, and the temperature rose 2° C. How 
many grams were burned? 

XX41=8.2x 2;4.1X = 16.4; X =48m. 
Ifa man ate 300 gm. starch, which would convert into app fe 
mately 300 gm. glucose, 200 gm. fat, and 100 gm. protein, 


Yould have eaten what caloric equivalent? oe uo. 
300 x 4.1 = 1,280; 200 x 9.3 = 1,860; and 100% 


1,230 + 1,860 + 410 = 3,500 Cal. 
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Energy Output of the Body 

This brings us to the second point—energy Output, 
pound man put out twice as much energy and therefore 
twice as many calories in his food as does a 100-pound t 
once you reply, Well, that depends; if the little fellow js 
hard and the big man is resting, it might be that the ites 
requires more than the big one, Or if the little man is bial man 
a cold day, with his body losing a lot of heat, while the bic. i 
is inside where it is warm, again the little man might actually hp 
more than the big one. Which makes the point that in siden 
be able to say anything about their energy Output, they must * 
compared under identical conditions. —— 

The conditions chosen are called basal conditions, and the Ner- 
gy output determined under these conditions is called the basal 
metabolic rate, abbreviated BMR. The conditions are: (1) The sub. 
ject must be at absolute rest. (2) He must be in a warm room, 
(3) Twelve to fourteen hours must have elapsed since he had his 
last meal. The last condition is not so obvious as the Other two; it 


will be discussed later. 


THE BASAL METABOLIC RATE 

Lavoisier determined the heat output of animals by surround. 
ing them with ice and measuring the amount of water produced 
as the ice melted. The “Respiration Calorimeter” is not too far a 
cry from Lavoisier’s method. It works like this: 

The subject is placed in a chamber surrounded by coils through 
which water flows. Knowing the volume of water and the number . 
degrees of temperature rise, the man’s caloric output can easily be 
culated. Suppose a man were in the chamber for ten hours; that t 


coils contained 400 liters of water; and that the temperature ep 
degrees. Then he would have produced 400 x 2 = 800 Calories; 0 


Calories per hour, 


‘AAs we have described it, the chamber sounds simple; actual 
a number of factors must be considered (e.g., condensation 7 
water from his breath, heat value of excretory products, on 
say nothing of the necessity for perfect insulation. Such Oe its 
are expensive, both to buy and to operate, but when ™ 
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arly: they give highly accurate results. It is a di 

oe the heat produced is directly measured ae irect method. 
on - ways checked against it. + ee 
are "eit direct method is to determine how many gr 
the person burned and multiply grams of each 


ct methods 


qstuft ; that by th 
= equivalent. This sounds like a large order; “al 4 FA iN 
not 


rood eater as is evident from what was said about the various fate 
which carbohydrates, for instance, might undergo. One aur 
xnows how much has been stored as glycogen, converted into fat 
og, Yat it is remarkable how easily this can be done if one bates 
‘st three easily measurable things: (1) the oxygen consumption; 
(2) the carbon dioxide production; and (3) the amount of edltrigen 
in the urine. 
Let us say that the carbon dioxide production of a man who 
had consumed 371 liters of oxygen was 300 liters, and he ex- 
creted 12 grams of urinary nitrogen in twenty-four hours. 
Of course, he would not have his oxygen consumption or 
carbon dioxide production measured during every minute of 
the day; he would be lying there quietly and at intervals, sam- 
ples would be taken for analysis; the urine would be pooled, 
and its nitrogen determined. 
It is known that the 


Let us start with the urinary nitrogen. 
average protein in the human diet contains 16 per cent nitro- 
gen; therefore, 100 gm. protein are equivalent to 16 gm. nitro- 
gen, or putting it the other way, 16 gm. nitrogen are equivalent 
to 100 gm. of protein, or I gm. of nitrogen, as excreted in the 
urine = 100/16 = 6.25 gm. protein. This man’s urinary nitro- 
gen was 12 gm.; 12 X 6.25 = 75 gm. protein burned. 

To burn the protein equivalent of one gram of urinary l- 
trogen, 5.9 liters of oxygen are required and 4.75 liters of car- 
bon dioxide are produced; therefore, to burn the protein, 
12 x 5.9 liters of oxygen = 71 liters O, required. And 12 x 4.75 
liters of carbon dioxide = 7 liters COs produced. 
Subtracting these figures from the totals; 371 minus 71 = my 
liters of oxygen were used to burn carbohydrates and fats; eter 
00 minus 57 = 243 liters of carbon dioxide were produce 


from the burning of carbohydrate and fat. 


volume of carbon dioxide produced divided hy the 
oxygen consumed, Tn this case, the RO js 2AS/ 400) or 04 
enables us to determine how mueh ol the OXYMON Wary ‘ 
cubohydrite and how much to burn fat, 


V hij 


‘ 


Hed tg ity, 


In the first phice, consider the equation for the burning of gly 
Osa, 


It is clear that the RQ for this reaction is 6CO/b0,, or & x VAN 

224 1, (Remember that the formula Oy means a molecular votse 

namely 22.1 liters, and the same for COy,) Mt, 
The formula for the burning of fat is: 


Capt aOo hb 81L.GOy = B7COy + SSELO, 


The RQ for fat is therefore 57/81.5, or 0.7, Hf the RQ in our present 
problem had been one, it would have meant that only carbohydrates 
were being burned. ‘The RQ was actually 0.8, which means that some 
of each was being burned, The range between all carbohydrate and all 
fat is 1.0 — 0.7, or 0.30. The difference between | and 0.8 is 0.20, So the 
amount of oxygen used to burn fat was 20/30 or ¥% of the total. (If 
the RQ had come out 0.71, it would have meant that 1 = 0.71 or 
29/30 of the total would have been used to burn fats, If it had come out 
0.99 it would have meant that 29730 of the total would have been used 
to burn carbohydrates.) So % of the 300 liters of oxygen (which is 200 
liters) were used to burn fats; and ¥ of the 300, or 100 liters, was used 
to burn glucose. 

For the burning of glucose, the equation indicates that one 
molecular weight of glucose, or 180 gm., will require 6 Xx aa, e 
134.4 liters of oxygen to burn it. One liter of oxygen will, serie 
fore, burn 180/134.4, or 1.34 gm,, and the volume of ee P pie 
we have, namely 100 liters, will burn 100 x 1.34, of IM 6 


glucose. 
“ ar 
; ; 4) a molecula 
The equation for burning fat means that to ong) a iteart © 
. . oo . . € P. ' 
weight of fat, which is 890 gm., 81.5 x 22.4, oO! : in approx 
. . ’ uj 7 i u " . 
oxygen will be required. One liter of oxygen will b 


‘h 
: win 2 0.5, wht 
mately 0.5 gm. of fat, and our 200 liters will burn 200 X 


equals 100 gm. of fat. 
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4 24 hours, therefore, the man produced 75 cn 
im nu &™. Of protein x 
~ 134 gm. of glucose X 4.1 = 550 Cal. 
100 gm. of fat x 9.3 = 930 Cal. 
307 + 550 + 930 = 1,787 Cal. 
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4.1 


= total heat Production 
guch subjects have often had their heat oy | 
n a respiration calorimeter while the a 
lied; the results check beautifully, 


tput determined 
bove method was 
usually within ] per 


directly i 
peing 4PP 
cent. 4 

Perhaps a word or two more should be sai . 
It is determined, of course, on the basis of meninges ie 
the inspired air and carbon dioxide exhaled in the ex lead oe 
When we noted, under respiration, that the amount of peat 
dioxide varied, we were talking about the RQ. If the person were 
burning only carbohydrate, there would be 5 cc. of oxygen re- 
tained out of every 100 cc. of air breathed, and 5 cc. of carbon 
dioxide would have been present in every 100 cc. of expired air. 
Ifhe had been burning fats exclusively, he would have eliminated 
only §.5 cc. of carbon dioxide for every 5 cc. of oxygen retained. 
(3.5/50 equals 0.7). With a normal RQ of around 0.8, the carbon 
dioxide would be 4 cc. per each 5 cc. of oxygen retained. However, 
the RQ is also affected by the conversion of fats to carbohydrates, 
or the reverse, inside the body. 

One of the chief arguments 
school (in diabetes) to support the view that gluco Bin 
burned is that the RQ of the diabetic approaches 0.7, and it 1s 
clear that such an RQ could only be produced by the burning of 
fats. However, the rebuttal from the “over-production boys 1s 
a if fats were being converted to glucose, the RQ might well be 
that low, 


used by the “ynder-consumption” 
se is not being 


argument, let's 
am of glucose 
hat would his 


and, for the sake of 
at for every 8T 
nto glucose; 


ge a diabetic is burning glucose 
fin is burning glucose exclusively but th 
R urns, a gram of fat is being converted 1 
: rt ld be 1 (6X 22.4/6 
bay lao gm. glucose burned, the “ an another 180 grams 


X204 K 
‘t= 1), but to supply the oxygen needed tom ba 
"glucose from fat, nn 1 déjtioaal three molecular volume 


oO SStSM and N 
ut 


iired. Note that each carbon atom in the glucos 

sates of oxygen attached and the fatty acids ie tong: Meo ha 
every six atoms of carbon converted from fatty acid to itpre €refor 
or three molecules, of oxygen would be required. This ie 
have to be obtained from outside; it would be “consumed” 
have to be added to the previous six (those required to Be 
cose), making the final RQ 6/(6 + 3), or 6/9 = 0.66. Thus, nt 
an RQ even lower than 0.7 with the person assumed ¢ 
glucose exclusively. 

On the other hand, an animal preparing to hibernate converts 
of glucose into fat, and his RQ may well be above 1.0. Let us mi lot 
that he, too, burns glucose exclusively, but that, for every gram ae 
cose burned, one-half gram of additional glucose is converted rte, ng 
Then, for every 180 grams of glucose burned, the RQ will be 1.0, But 
90 grams of glucose, on being converted into fat, will give up 1.5 molec. 
ular volumes of oxygen; (each of the six carbon atoms in glucose is 
combined with an atom of oxygen, so for a molecular weight of glucose 
there would be six atomic, or three molecular weights; for one-half a 
molecular weight there would be 1.5 molecular weights, and, therefore, 
1.5 molecular volumes). This oxygen is liberated in the body, and there- 
fore less is required from the outside. So the 1.5 molecular volumes 
would substitute for part of the six molecular volumes from outside, 
making the RQ 6/6 minus 1.5 or 6/4.5, which is an RQ of 1.33. 


Tition 


§ One 


e 
. » {Or 
» SIX ato 


en dl 
Woul 


he ply. 
one can ee 
0 be burning 


The method above described, namely, that of determining the 
amounts of the various foodstuffs burned, suffers from the dis- 
advantage that the determinations must be carried out over con- 
siderable periods of time. It is therefore impractical as a routine 
hospital procedure. However, by repeated application to a great 


it has been found that, with two exceptions, every’ 
under basal conditions, 
fat, and protein. The 
een noted, may 
e he 


many people, 
one has the same RQ; that is, everyone, 
burns the same proportions of carbohydrate, 
two exceptions are the diabetic, whose RQ, as has b 
approach 0.7, and a man undergoing starvation, who, becaus 
is only burning fat, may have a similar RQ. 
This means that the heat value of a liter of oxyge? will sac 
same for all (except these two) since it is, in every vere 
used to burn the same things. This makes it possible to det n, an 
the BMR simply by determining the oxyge? consumptle ) 
this is the method used routinely in hospital practice. 


be the 
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DETERMINING BASAL METABOLIC RATE 


has an RQ of 0.82, and with this RQ the heat value of | liter of 
oxygen (under standard conditions) is 4.825 Cal. 

In the clinical determination of the BMR, the patient is usu- 
ally kept in the hospital overnight, and, before breakfast, a metab- 
olism machine is rolled to his bedside. This insures that the BMR 
will be taken under basal conditions; he will be at complete rest, 
ina warm room, and a long enough time will have elapsed since 
his last meal. His oxygen consumption is determined over a six- 
minute period. This is reduced to standard conditions (that is, 
the volume at 760 mm. pressure and 0° C. is calculated) and 
multiplied by ten, since the BMR is expressed in Calories per 
hour, and six minutes is one-tenth of an hour. The product 1s 


then multiplied by 4.825 to obtain the number of Calories per 
our, 


eo example, a man in Denver (bar. 630 mm.) had his nie 
determined, with the room temperature at 20° C. He age 
2.0 liters of oxygen in 6 minutes. How many Calories did he 
Produce? 
ite x 10 equals 20 liters per hour. Reduc 
Cal Ws 15 x 630/760 x 273/293 = 15.5. 

- Whether this was normal will depend on 


ed to standard con- 
15.5 x 4.825 = 748 
his surface area. 


Relation of BMR to Weight 
Having seen how the BMR is obtained, Je 
our 200-pound man and our 100-pound man, Would ty 
the first be twice that of the second? We are really king 
al v 


vary very much, let us apply the question to animals, Ay 
om AD €xamj 
Na. 


tion of the following table shows that the BMR is noy proy 
OT onal 


to weight. 


HEAT PRODUCTION IN ANIMALS 
(per unit of body surface) 


Cal/kg Cal/meterz 


FAOIES oon a eno nines 408g ee bia as 11.3 948 
|b) (- re ne er 19.1 1,074 
0 ee a re 32.1 1,042 
DOR 5 xdaves womens rewmewnseass 51.5 1,039 
AOI ices ce 588 ine Sat pe bon! wewcd 75.0 76% 
MOUSE cizcnsncinsraseioud ins 212.0 1,185 


“ This is with ears; without ears = 980. 


In the first column, the heat production per kilogram is given and it 
will be seen that a kilogram of mice produces twenty times as much heat 
as a kilogram of horse. But when the calculation is made in terms of 
surface area there is very close agreement. Absolute agreement cannot 
be expected, the experimental error is bound to be large; it may be 
difficult to make the animal stand still, and his surface area may be 
difficult to compute. The one animal that falls farthest out of line is the 
rabbit, but the rabbit’s ears are large and they are practically all surface. 
When the rabbit's ears are lopped off, it falls into line with the others. 
This was expressed by Rubner in what is called Rubner’s Law: “Under 
basal conditions, the heat output depends on the surface area, and not 


on the body weight.’”” Human surface areas were first determined by 
He designed 


DuBois, who studied many people, of all shapes and sizes. He a Sal 
a tight-fitting union suit, which completely incased the oo : 
coated it with warm paraffin and then set the subject out to ' pie 
paraffin-coated union suit was then removed in small pieces a hoto- 
piece individually measured. Later he coated the subject oi rr area 
graphic paper, exposed him to sunlight and again measure 
of the exposed film. u 
From his data he developed a formula, and from the nee su 
was prepared, so that, given the subject’s height and weight, 
area could be directly read off. 


laa chart 
rface 
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wice BMR ot ihe li een Nie aren Dig man bas vis 
? gurface arere of the little man, his BMR will be twic grea 
f not, It won t. _— 
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f, for instance, the 200-pound man js . 

i }00-pound man is only 3’ 8” tall, re rs Hair roi 
, surface area of 2.2 sq. meters, and the little fellow wil have 
q surface area of 1.1 sq. meters, and the BMR of hat l have 
be twice that of the second. On the other hand, if the “rm will 
js practically spherical in shape and is only 4’ 1” tall hie 
vatle fellow is built like a lath and is 6” 8” tall, then both will 
have a surface area of 1.6 sq. meters and the same BMR. If 
instead of being museum specimens, they are normally adie 
and the big man is 6’ 2” and the little one is 5’ 4”, then the he 
will have a surface area of 2.15 sq. meters and the second a sur- 
face area of 1.4 sq. meters and their basal metabolic rates will 
be in the same proportion. 


The Normal BMR and Variations 
The man in the example studied a moment ago produced 74.8 
Cal. per hour. 
If he were 5’ 10” tall (175 cm.) and weighed 154 pounds (70 
kg.), his surface area would be 1.85 square meters. 74.8/1.85 
= 40 Cal/sq meter. He was, therefore, normal. 


The normal BMR of the male adult is 40 Calories per hour per 
square meter body surface. There are a number of normal varia- 
tions in the BMR; one is sex. The female, as has been mentioned 
before, has a BMR approximately 10 per cent below that of the 
male, about 36 Cal. per hour per square meter. The BMR also 
Varies with age. The baby at birth has a low BMR, but it rises 
"idly to a high level and remains high during the early years 
of life, This accounts, in part, for the voracious appetite of the 
child. Tt remains constant during the adult years of life, but after 

Z 80, tends to fall. be aflalit 
i though the fall in the BMR with the advancing ~~ “a Sele 
Deonh theless is responsible for much of the obesity “ , 

Ple. At age 65, for instance, the BMR may be 35 instea 
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i Ups: 
he person s surface area is 2 sq. meters, the tition 
, 
r 


in the BMR would represent a reduction in the neces . 
intake of 940 Cal. per day. If such a person continued 0nd 
he did in his youth (and eating habits are hard to bem . eat a 
gain weight at the rate of 240/9.3, or 25 grams per day vou 
roximately 20 pounds per year. + OF ap 
Body build is also a factor. The very fat person and the 
skinny person will have BMR’s somewhat below the normal § Ver 
in the first case, because fat is a tissue with a low Metabolic 
and in the second, because bone is likewise. A very mitisculas “i 
vidual, on the other hand, will have a BMR above deveael 
muscle tissue, even at rest, has a high metabolic rate. The BMR 
of the Oriental is about 5 per cent less than that of the Occidental. 
this is probably due to the “pudginess” of the Oriental build. 
During sleep the metabolic rate falls by about 10 Re cake 
Ideally BMR would be obtained during sleep; however, since 
some cooperation on the subject's part is required, this is impracti- 
cal. The low BMR during sleep is in part ascribed to a reduction 
in the brain’s metabolism and, in part, to greater relaxation of the 


usual 40. If t 


muscles. 
While the metabolism of the brain is high, it is interesting to 


note that it is not increased during brain “‘exercise” such as solving 
problems, making up rhymes, etc. In fact, it is stated that Ein- 
stein’s brain, in evolving the Theory of Relativity—with all the 
mental work which that entailed—could have received the neces 
sary energy from a handful of soda crackers or a few salted peanuts. 

Pregnancy does not affect the BMR; the total heat production 
is the sum of that contributed by the mother and that contributed 
by the child. 

Abnormal variations in the BMR.—During fever, the basal 
metabolic rate is increased by about 7 per cent per degree sone 
heit or about 13 per cent per degree Centigrade. This is due simp 
to the fact that the rate of all chemical reactions, including 
of food oxidation, is increased at higher temperatures. diag: 

The most frequent use of BMR determinations 1s in the 
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ai of diseases of the thyroid gland,* All met 


~ body are controlled by thyroxin, the hormone of the thyroid 
gland, If the thyroid is ee (hyperthyroidism), the BMR is 
increased conversely when it is underactive (hypothyroidism it i 
decreased. ait 
A man whose surface area is 1.6 Sq. Mm. presents an oxygen 
consumption, corrected to standard conditions, of 2 liters in six 
minutes, or 20 liters per hour. Evaluate his BMR. 
Heat production would be 20 x 4.825, or 96.5 Cal. per hour. 
For a surface area of 1.6 sq. m., the normal heat production 
would be 1.6 x 40 = 64 Cal. This man’s BMR is obviously 
high; he exceeded the normal by 96.5 minus 64 = 32.5 Cal, 
In expressing this finding, it is customary to give it as the per- 
centage which the excess is over the normal, i.e., 32.5/64 = 50%. 
This would be reported as a BMR of “plus 50.” 
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abolic Processes in 


A patient whose surface area is 1.5 sq. m. consumes 1 liter of 
oxygen per 6 minutes, of 10 liters per hour. Evaluate his BMR. 

10 x 4.825 = 48.25 Calories. Normally one of his surface area 
produces 1.5 x 40 = 60 Calories, 60 — 48.25 = 11.75; 11.75/60 
= 20%. This would be reported as “minus 20,” 


Balancing Energy Output and Energy Intake 

“Specific Dynamic Action” of foods.—If a certain man produced 
1,920 Cal. in 24 hours under basal conditions, one would think that 
1,920 Calories of food should supply his needs. However, if he is 
given these 1,920 Calories of food, his heat output rises, even 
though he remains under basal conditions. This is due to what is 
called the “Specific Dynamic Action” of foods. If one gave him his 
1,920 Calories in the form of protein, his heat output would rise by 
25 per cent; in the form of fats, it would rise by 5 per cent; on the 
ordinary, mixed diet, it would rise by 10 per cent. Why the mere 
absorption and use of foods should have this stimulating effect san 
heat production is not known. It is apparently not due to — 
tion, since the eating of such inert materials as filter paper, 


P . -t. On the other 
though stimulating peristalsis, has no such effect. O 


es of the thyroid gland has been 


sing oer es will be described in con- 


* R He 
e€ce f diagne 
ntly, another method o g 1 iodine” test. 


P Yeloped, the so-called “plasma-bounc 
‘ection with the thyroid gland. 


de 
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tion of amino acids into the blood has near] 
great an effect as if the Sate tes seneral, it is be 
jjeved that, in the case © carbony fecule: fat 1S produced }, 
‘ntermediate changes 1) the glucose molecule; that fats act Simply 
sing the available amount of foods, and that aming acid 
timulating effect. The fact that foods do ra 5 
such an action is the reason for not taking the BMR during is 
period that a meal is being digested and absorbed. This explain, 
too, the use of a high protein diet in the treatment of obesity, . 
for instance, our 1,920-Cal. man received 1,920 Cal. and no rll 
in the form of protein, he would actually produce 2,400 Cal., thus 
losing weight equivalent to 480 Cal. per day. 

The caloric value of work.—To the 1,920 Cal. of BMR heat pro- 
duction we must then add 10 per cent to allow for the specific dy. 
namic action of food. If given 2,100 Cal., he would be receiving a 
maintenance diet, which would be adequate to maintain him under 
basal conditions. Any additional calories supplied would be avail- 
able for work. Earlier in this discussion, it was said that it was pos- 
sible to convert work energy (mechanical energy) into heat energy. 
This conversion is made by using the formula: 425 kg. m. = | Cal., 
which means that lifting a weight of 425 kilograms a distance of 
1 meter (or 1 kg. a distance of 425 m.) against the force of gravity 
represents the same amount of energy as is represented by | Cal. of 


heat. To illustrate: 


Suppose a man weighing 85 kg. climbs a mountain 1,000 meters 
high; how many grams of glucose does he burn? 

85 kg. x 1,000 meters = 85,000 kg. m. of work; 85,000 divided 
by 425 = 200 Cal. If one gram of glucose supplies 4 Cal. (we will 
drop the .1) then 200/4 = 50 grams of glucose. 


hand, the injec 


by increa 
exercise a direct, $ 


This is correct so far, but now another factor must be taken int? 
account—that of efficiency. If he burned no more than 50 g™» he 
would be 100 per cent efficient, and no machine, human OF other 
wise, having an efficiency of 100 per cent has ever been designe’ 
The steam engine’s efficiency is not much over 10 per cent; the a" 
tomobile engine is 25 per cent efficient; and the Diesel engine 


about 50 per cent. Human efficiency varies greatly, dependins 
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mainly on taining. An experienced piano mover will move a piano 
wit little wasted effort, while the Nnexperienced Person will ty 
aveat, and strain. Even the heart, one of the most efficient eoaenige 
qructures in the body, has an efficiency, at Most, of 30 per cent 

~ We do not know how efficiently this man will climb the moun: 
tain, but for many types of muscular effort, an efficiency of 20 per 
cent is considered satisfactory. This means that for every gram of 
glucose, the burning of which supplied energy for the climb, an- 
other four grams were burned. (This waste appears as heat. In a 
car, the purpose of the radiator is to get rid of such heat.) So his 
total glucose consumption will actually be 5 x 50, or 250 gm. 


‘TABLE OF ENERGY EXPENDITURES* 


(in Calories per minute) 


Dressing, washing, and shaving ... 3.5 Dancing waltz .................. 5.7 
Walking: Dancing rumba ................, 7.0 

At QR GPR vice eee c eee en 3.0 Playing football ................ 8.9 

Al SRB: aici —nasagwaaes 5.5 GWMOTMAR 502016 <y sae as nasncen 11.0 
Climbing stairs ................. 9.0 SRUNG occ si canes iuds ama dievd edo 99° 
Lying dt €€86 occa ieeaeee ines 15. Doing housework ...,........... 35 
PAVING CAMS «oie sceees sc eeaess 2.1 Beating carpets ................. 8.0 
Playing drum .................. 4.0 Working in steel mill ........ 10-1 
Driving car ........ 0.0.0.0... 2.0 Carrying 60-kg. load up stairs (at a 
PRAYING. GONE wesc ce ccnn i cowed sae 5.0 vertical speed of 17 m/sec) ..... 30.7 


*It should be noted that these are total figures, i.e., they include the basal metabolic rate. They are 
for a 150-pound man whose BMR is 1.1 Cal. per minute. 


For college students, the daily caloric requirement is usually 
given as 3,000 Cal. This, of course, is an average figure; the burly 
fullback, during the football season, might require twice that, 
whereas for some little 5-foot co-ed, 2,000 Cal. might be ample. For 
children between the ages of 8 and 13, 3,000 or more Cal. are nec- 
essary, both because of their high BMR and because of their great 
activity. 

Having now seen how much energy a man may expend, let us 
supply him with some of that energy in the form of his dinner. 
The library is full of books on dietetics, which contain tables giv- 
ing the caloric value of many types of foods, both per gram and per 
Portion. The following is merely an example of the use of suc 
tables. 
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CaLoric VALUES OF AN AVERAGE MEAL 


(1 Ib. = 450 gm.) 


—. 


z PROTEIN FAT CARBOHY DRA Tp, 
ee ec 
% gm. % gH. % gm, 
a eee - | 
Steak (1% Ib). .+ ++ 20 “ as _ 20 a 
potatoes (4 Ib.).-: 2 9 1 1 50 = 
Bread (4 Ib). ---- 7 100 22 ~ ” 
Butter (1/20 Ib.).-- “= * an = 5 i 
Lettuce (1/10 Ib.). . 1 : _ 12 = ; 
Mince Pie (4 1b)... — : 4 20 5 : 
Milk (1 pint)... -. 3 od : al 
——"_ ee 
81 77 166 
pa 
81 X 4.1 = 332 
77 X 9.3 = 715 
166 X 4.1 = 680 
1,727 Cal. 


*Jf he prefers ‘“‘coffee with” to milk, the cream will be worth 25 Cal. and the sugar, 25 Cal, 


Obesity 

Obesity simply means being overweight, or being fat. It is a very 
common condition. Many physicians believe that the general 
obesity of the American people constitutes our number one health 
problem. This sounds like an exaggeration until one considers the 
cost. We have seen the high incidence of diabetes in overweight 
people; the incidence of hypertension and many types of heart dis- 
ease is also excessive in this group. So it may not be an exaggera- 
tion, after all. 

As a statistic to demonstrate the cost of obesity, it can be stated 
that after the age of fifty, each ten pounds of extra weight increases 
the death rate by about 10 per cent. Thus, a man who is fifty 
pounds overweight has a 50 per cent better chance of winding uP 
in the obituary columns than does the man his age of normal 
ir ¢ upon whom such figures as “life expectancy” are based. 
ny nga youth chan in the ater Yo. Te 
men bury thin tly or truth the dictum: “iatare said 

; after forty, thin men bury fat men. 
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here is one, and only one, cause of obesity: the caloric intak 
xceeds the caloric output. Everyone understands that if he Sn 
more money in the bank than he takes out, his bank balance will 
.ncrease, but many people refuse to accept this principle in regard 
io theit bodies. This applies to everyone; to say that the hypothy- 


roid person must be fat is like saying that the hypothyroid person 
could not be starved to death. He could, and as he starved, he 


would lose weight. 


We might examine this question a little more closely. Say there are 
two brothers doing the same amount and type of work; they are of the 
same height and weight, close in age, but one is 25 per cent hypothyroid. 
Say the BMR of the normal brother is 1,920 Cal. and that of the hypo- 
thyroid brother is 1,440, or 480 Cal. less. He thinks, because he is doing 
the same amount of work, that he should eat as much as his brother, 
but if he does, he will gain weight equivalent to 480 Cal. per day. But 
if he cuts his food intake by 480 Cal., he will not gain weight, in spite 
of the fact that he is hypothyroid. 


What happens to the excess calories? They are deposited as fat. 
Each 9.3 Cal. in excess is laid down somewhere in the body as one 
gram of fat. (Actually, it takes even a little less than 9.3 Cal., since 
some water is included with the fat.) But over and over, one hears 
it said, “My brother [or husband or wife] eats much more than I 
do, yet he [or she] is thin and I am fat. 


There is a story which appeared in a medical journal, which bears 
retelling. A woman whom we will call Mrs. George Spelvin, goes to see 
her doctor. After the usual amenities, she says, “Doctor I am worried 
about my weight. During the last three or four years I have gained 
something like 20 pounds and it is beginning to show.” a 

The doctor has already noticed that. “Well, Mrs. Spelvin,” he says, 
“You know what the usual cause of obesity is.” 

“Certainly,” she says, “I once took a course in physiology, and it was 
explained to me that the body is like a bank; if you put in more than 
you take out, you get fat. But really, doctor, I don’t put in many calories. 
T eat like a bird!” [I’ll bet you do, the doctor 1s thinking. A bird eats 
half its weight in food every day. ] “T just pick at my food. Why, = 

teakfast all I eat is one egg, a Slice of toast, some orange Julce, an : 
Cup of black coffee. For lunch I eat a salad, a sandwich, — a ee o 
coffee. For dinner—well, a person has to eat something—an + ave a 
Steak or chops, some potatoes, but not many, a bit of dessert, and a cup 


of black coffee.” 
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ts out his slide rule and dietetics manual] and q 
It isn’t exact, of course, but he figures hee ey a 
borhood of 1,600 Cal. per - 7 asks her abour 5 
tottd I ‘nce the children are married and gone, life er 
activities. str. Spelvi. George is doing well, she has her Peet 
a id comes in 10 0 the heavy work. She never cared too much - 
athletics; she isn’t the type. She does play a lot of bridge, but bri lee 
isn’t very athletic, etc. So again the doctor makes a calculation, From 
her height and weight he approximates a normal BMR. His figures ae 
but he figures that, in spite of her apparent] 


only an intelligent guess, 
rave life, she must be expending at least 1,800 Cal. per day; from 
which it is apparent that she should be losing, not gaining weight, 1, 


comments that hers is a peculiar case and tells her to come back later 
for a test of her BMR. Actually he knows it is normal. In hypothyroid. 
ism the patient is puffy, lethargic, and dull. In obesity of pituitary oy}. 
gin, there is a girdle of fat—the “panniculus adiposus’—around the 
waist. On Mrs. Spelvin it shows, he thinks as she leaves the office, but 


The doctor g€ 
little calculating. 
eating in the neigh 


not in these ways. 
That evening the good doctor goes home, where he is greeted by his 


wife, who says, “What did you tell Mary Spelvin?” He just smiles in 
the secretive way that annoys doctors’ wives. So she blurts out, “Well, 


I know what her trouble is—nuts.” 
“Well, nuts to you, too, darling,” says the doctor, “But why bring 


Mrs. Spelvin into it?” 

“I mean Mary Spelvin eats nuts,” his wife says patiently. “She and 
I belong to a couple of bridge clubs, and we always serve some salted 
almonds or pecans. Well, everyone has noticed that she just munches 
away until all the nuts are gone; then she begins to play cards in 
earnest.” 

Again the doctor consults slide rule and dietetics manual. His wife 
says there is usually a pound of nuts and twelve people. Looking up 
the caloric value of nuts, the doctor finds it is 3,600 Cal. per pound, 
which, divided by twelve, gives 300 calories each. His wife insists that 
Mrs. Spelvin eats at least half of all the nuts, but he only credits her 
with her fair share. “Do you eat anything else when you play bridge? 

Oh, usually there is a box of chocolates.” (A pound of chocolates 3 
worth 2,500 Cal., of which one-twelfth is 200.) “Is that all?” “Oh, ™ 
afterward we always serve refreshments.” “And the refreshments? 

Usually cake and ice cream.” Cake will run about 150 Cal. pet a 
depending on the cake, and ice cream about 350 depending 0? the si2* 
of the dish. And, of course, coffee. , 
ssn . Mrs. Spelvin take cream and sugar?” he asks. “No, Mary alway 

rinks her coffee black. She says she’s worried about her weight. 
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so he adds up; Mrs. Spelvin is eating 1,000 Cal. twice 
maybe more, that she has never mentioned. hastehie tip 
actual meals were as stated and that his estimate of Ses a te 
output was correct, she ran a negative balance five da $a at 
of 1,000 Cal. (5 x 200) and a positive balance of | 600 or th 
other two (1,000 minus 200 = 800 x 2 = 1,600).A netot 660 Cal, 
plus per week. 600 x 52 = 81,200 Cal. Divided by 9.8 = 3,500 

, or 3.5 kg. x 2.2=8 pounds a year. Just about what she 
told him she had been gaining. 


The point of the story is this: Mrs. Spelvin did not, intentional- 
ly, lie to the doctor. When she told him what she ate, she thought 
of meals, not of her bridge club, and if she did, she dismissed it 
from her mind as “just a little snack.” This establishes a principle. 
It is rarely the overeating at meals that does the damage; it is the 
“little snacks” —the between-meals malted milk, the ice box raid at 
night, the extra bottle of beer, etc. 


Consider George Spelvin himself. He is fatter than a porky pig since 
he discovered how good a bottle of beer tasted before he went to bed. 
Does that prove that beer is fattening? By no means. If he had simul- 
taneously cut out that extra helping of mashed potatoes he could have 
had his beer. It is the excess calories that matter, not the kind of food 
they come from. 

At the bank, you can withdraw more money than you put in and 
thereby reduce your bank balance. Theoretically that should work the 
same in the body, if you increase your energy output by exercise, for 
example, over your energy intake. Every calorie expended in work over 
the calories taken in, will reduce the weight at the rate of 9.3 Cal. per 
gram of fat. Practically, it doesn’t usually work that way. Consider 
George again. He was told that a game of golf was the equivalent of 
700 Cal., so he took up golf. He goes out on a hot summer day, and at 
the end of the first nine holes he is thirsty. He has a bottle of beer. At 
the end of the second he has another, or maybe two. Then he goes home, 
hungry as a female wolf at pup-time and eats twice as big a meal as he 
ordinarily would and wonders why golf is not reducing his weight. 


With all this talk about reducing diets and how to cut down on 
Your food intake, not nearly enough is said about the caloric value 
of drinks. A six-ounce bottle of a cola drink is equivalent to 80 
Cal.; a 12-ounce bottle is equivalent to 160 Cal. Many people drink 
two or more “cokes” a day- And when you get the alcoholic bev- 
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the calories really pile up at 7 Cal. per gm 


erages, 
Roughly, you can figure that any drink, cocktail, highbon coho) 
wine, or glass of beer, will run 100 Cal. So, if a man has » Blass of 
Sa COcktai 
| 


before dinner and two highballs before he goes to }, ; 
added 300 calories to his intake, and if they are in fos h 
an figure on gaining weight at the rate of ~ 

16) 


€c has 


put, he c 5 out. 
Ut 25 


pounds per year. 
The statement that obesity results when the food intake 
exceeds 


the energy output is true, but there may be extenuating cir 

stances in some cases; a man may simply be unable to rented i, 
appetite. Situated in the anterior portion of the hypothalamus ; " 
region which some call the “‘appestat”’ (a “stat” —like a iene a 
_for controlling the appetite). Experimentally, lesions nnd 
in this region result in a tremendous stimulation of the appetite 
The animal eats all the time and, as a consequence, becomes nor 
mously fat. It may be that disease or injury of this region occurs in 
the occasional human, or that the “setting” of the appestat be 
hereditarily higher; such a person would still be hungry after a 
hich would satiate the normal individual. Also, some psy- 
chologists believe that a psychic disorder of some sort may be re- 
sponsible for uncontrollable overeating. Such a person, by the act 
of eating, is able to escape certain tensions, or perhaps the reason 
goes back to certain unpleasant babyhood or childhood experi- 


meal w 


ences. 
Reducing drugs, in spite of the beautiful advertisements, are 
either ineffective, wasteful, or dangerous. Those which are effec- 
tive contain either a cathartic, whereby the food is hastened 
through the gut faster than it can be absorbed (which is obviously 
wasteful) or some metabolism-stimulating substance, such as thy: 
roxin or dinitrophenol. Both stimulate metabolism throughout 
the body, including the heart, causing the heart ¢ 
rapidly. Many of the obese ones are in the 
disease is common, and to whip up a hear 
the best of shape is obviously dangerous. Recently, such © hibit- 
benzedrine and dexedrine have come into use; 
ing hunger contractions and even cause an active ancipat y 
foods. While effective, their danger lies in overstimulat 


o beat more 
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| nervous system, thereby causing nervousness, They also j 
cent » the heart rate and elevate the blood pressure.* — 
a jummarizing the topic of obesity, it can be said: (1) The cost 
if obesity is high in terms of increased incidence of diabetes, hry. 

ortension, and heart diseases. (2) The cause is always eating more 
Flories than are used up. (3) Exercise, although theoretically effec- 


js rarely SO IN practice. (4) The only sound treatment is to 


tive, : 
he food intake. 


reduce t 


starvation 

Terrence McSwinney, Mayor of Cork, went on a hunger strike 
during the Irish troubles of 1920. He lasted 74 days and then 
died. This is probably an all-time record. Although figures on his 
weight loss are not available, men have been revived and restored 
to health after starvation had reduced their weight by as much as 
60 per cent. 


It is possible to calculate about how long a given individual 
would last. Say a man weighed 75 kg. (165 pounds). If he were 
well-nourished at the outset, his liver would contain about 200 
gm. of glycogen, the equivalent of 800 Cal., which would last 
him about half a day. 


Even in the late stages of starvation the liver would contain 
some glycogen and the blood sugar would be normal or nearly so. 
This glycogen and blood glucose come from the conversion of pro- 


tein into glucose. 


His body might contain about 15 per cent fat, or about 11.25 
out 105,000 Cal. 


kg.; 11,250 gm. x 9.3 is the equivalent of ab 


This fat would be his chief source of fuel, although not all of it 
would be burned; small amounts, especially around the kidneys, 


* Lately there has been a flood of what might be called “dietary powders’—the 
Publishers forbid mention of their names—which are stirred up in water or come 
already dissolved. Each meal’s portion contains 225 to 300 Cal. These are effective 
and probably harmless, although the manufacturers advise consulting one’s physician 

fore starting on such a diet. But why go on such an unappetizing craic the 
‘ame results can be achieved by cutting down on the ham and eggs, meat an ——* 
fle, to a corresponding level? As this book goes to press, eed ae hom ly _ 
‘Saying that “every night 17 million Americans go C0 bed hungry.” He's probably right 


Most of them are dieting. 
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would be retained until death. Protein would be conver 
glucose and burned, in small amounts at first, then thai ‘into 
until, when the fat stores were exhausted, it would be bi “asing} 
clusively. ed ey, 
Various organs in the body differ in the Weight loss 


go in starvation. Skeletal muscle may lose 35 per cent o 
weight, the heart about 30 per cent, kidneys about 20 
the brain and spinal cord only about 5 per cent. 


hs UNdey. 
1 lo: 

'S Original 
per cent, and 


If our subject were a well-muscled individual to begin with 
about 40 per cent of his weight would be skeletal muscle; 40 
per cent of 75 kg. is 30 kg.; 35 per cent of 30 is 10.5 kg. Muscle 
is 20 per cent protein and 80 per cent water; 20% x 10.5=9] 
kg. Multiplied by 4.1 Cal. per gm., this equals about 8,500 Cal. 

Adding 5,000 calories for contributions from heart, liver, 
spleen, etc., plus 800 from liver glycogen and 105,000 from fat 
gives him roughly a total food reserve of 120,000 calories. How 
long he would last would depend on his activity. Assuming his 
BMR is around 1,600 Cal., he would last, at rest, 120,000/1,600, 
or about 75 days. 


This, of course, is about the maximum. If we allowed for fat 
retained, protein converted into glycogen, and at least some degree 
of activity, the actual survival time would be considerably less than 
that calculated. If water is withheld as well, death from dehydra- 
tion would occur long before starvation put an end to this unhap- 
py creature. 

Short of frank starvation, malnutrition may have a number of 
serious effects on the body. Among these are: emaciation, reduced 
basal metabolic rate, easy fatigability, susceptibility to infection, 
edema, and psychologic changes, such as apathy, mental deteriora 
tion, depression, and changes in personality. 


Temperature Regulation — 
Man is a warm-blooded (homothermal) animal. That is, his 


. . . ” sail 
temperature is not subject to the whims of the elements. ae of a 
a 


— 


perature-regulating mechanisms, although not perfect fall of 4 
degree or two may occur during violent exercise a” capa 
degree or two on exposure to extreme cold—are ordinatl'y 
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f maintaining a tempereture of 98,0" F., or 37° 
givrnal temperature cycle. This is a rise and fal 
pour day; the maximum, about 99.0-99.5° 
clock in the afternoon and a minimum 
four o'clock in the morning. This diurnal 
to activities in the wakefulness and sleep c 
cussed later, or it may hark back to the 
evolutionary history in the sea, since the 
similar diurnal cycle. 

Water possesses three important properties in connection with 
temperature regulation. First, it has a high specific heat, which 
means it takes a lot of heat to raise the temperature of water. The 
3,000 Cal. which the average man produces in 24 hours would raise 
his temperature only 30° C.; for most substances, that amount of 
heat would raise the temperature of an object of similar size 150° C. 
This means that the amount of heat to be disposed of is not an ex- 
cessive amount. Second, water conducts heat very efficiently, much 
better than any other fluid does. This means that heat produced in 
such an internal organ as the liver is quickly dissipated into the 
surrounding fluids and local overheating is thereby prevented. 
Third, the amount of heat lost by evaporating water is great, name- 
ly 0.58 Cal. per gram, greater than for any other common fluid. 
Much of the heat lost from the body is by evaporation; this means 
that the evaporation of a little water will get rid of a large amount 
9 . . 

pe function of the temperature-regulating mechanism is to 

ion and heat loss at such 
maintain a balance between heat formation anc eateal 
a level that a body temperature of 98.6° F. will be main 
; ostat; if the temper 
This mechanism therefore functions as a cherm : Polat at 
ature rises above normal, the “Fumnit™ anction is diminished and 
windows” are Gporgel, es phan nf Ils below normal, the 
iat loss is increased. If the tempt closed. We will consider 
furnace is turned up and the ee oe a how it is produced, 
first how heat is lost from the body; secone, 


: i ctions. 
and finally, where the thermostat is and how dae hates — 
Heat is lost from the body tn three ways.— 


: : : itions. At a tem- 
of each differ greatly under varying climatic conditions 
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C. There is also a 
@ fall during each 94. 
» 18 reached around four 
of around 98° at about 
cycle is probably related 
enters which will be dis- 
many long ages of man’s 
sea’s temperature shows a 
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yerature of 70° F, and a humidity of 25 per cent, a nude 
would lose 60 per cent by radiation, 25 per cent by ey : 
and 15 per cent by conduction and convection, Considering». 
tion first, all bodies in nature are constantly emitting box rad: 
ing) heat rays. These are infra-red (“longer-than-red”) rays al 
ten times the length of visible red rays. If the body is warmer in 
its environment, it emits such rays and this is what is gn 
heat loss by radiation. Of course, if the environment is hotter th 
the body, it absorbs them and loss of the body's own heat is ei 
vented. Light-skinned and dark-skinned people absorb the tay 
amount from the environment, except from sunlight. Dark. 
skinned people absorb more of the visible rays; light-skinneq 
people reflect about 25 per cent of such rays. 

Loss of heat by evaporation takes place in three ways: evapora- 
tion of moisture from the skin, (insensible perspiration), frank 
perspiration, and evaporation of water from the air sacs of the 
lungs into the expired air. Under average conditions, a person 
loses, from skin and lungs, about 600 cc. of water per day, which, 
at the rate of 0.58 Cal. per gram would amount to about 350 Cal. 
per day or about 15 Cal. per hour. Over and above this, additional 
heat may be lost by the evaporation of perspiration, although this 
may not amount to very much if the perspiration pours off the 
body in liquid form. The invisible perspiration results from water 
diffusing through the cells which compose the skin and the conse- 
quent evaporation of the water, while true sweat is a product of 
active glands called sweat glands. Their activity is controlled al- 
most entirely over the nervous system. They are served by fibers 
which belong to the sympathetic nervous system, anatomically, 
but physiologically they respond to parasympathetic stimulation; 
that is, stimulation of the parasympathetic centers in the hyp 
thalamus causes sweating. The human has about 2,000,000 sweat 
glands and they can, under extreme conditions, secrete as much : 
3.5 liters of sweat per hour. (The necessity for increasing the # 
intake under such conditions will be mentioned later-) ' 

By conduction is meant direct transfer of heat from the SN ig 
chair, or bed, or the surrounding air—mainly to the surroun’" ° 


‘ : “on: heat Lr 
air. All matter can be considered as molecules in motion; h 
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os e ncreased molecular motion from the 
as 7 n, the movement Of air currents, te 
fol 


ec E H A. , ar 
con in which the induced molecular ve 


r 
it d ion. 
uct , 
in col production.—In the resting body, all ene 


rg ae 
ot dissipated as iy The muscular contractions (worl _ 
he heart do no at ne alae to the blood, which 
yelocity is finally nt in the Sg ae heat. Another source of 
heat is the chemica oral : Ing place in the body. The liver, 
she most important chemical factory in the body, accounts for 
spout 95 per cent of the total basal heat production, Resting 
quscles—although muscles are never completely at rest—contribute 
af additional 25 per cent, and the brain about 10 per cent more. 
All this, plus contributions from other organs, adds up to the 40 
cal/meter*/hour, which is the BMR of the normal adult. In exer- 
cise, however, when muscles are active, they may increase their 
heat production as much as 1,000 per cent. Even shivering, a form 
of muscular exertion marked by spasmodic but rhythmic contrac- 
tions, can increase the heat output by several hundred per cent. 
The hypothalamus has been previously mentioned, and will be 
again, as a region in the lower portion of the brain. The hypothala- 
mus has many functions; here we are concerned only with its func- 
tion of thermo-regulation. There are two regions within the hypo- 
thalamus, one located anteriorly and one posteriorly. The former 
is the center for the parasympathetic division of the autonomic 
nervous system; the latter, the center for the sympathetic division. 
These centers are reciprocally innervated, that is, activity in one 
may be accompanied by inhibition of the other. we 
Considering first the functions of the anterior jaca? os 
sion, We find that it is the guardian against overheating. Se 
ia a in (1) an increased loss of heat, cheung dos plands, 
nd (9 Sin vessels in the skin and by sae ar complished mainly 
y thee heat production, eae i This latter 
Sion, as a ie ae one “wakefulness” center, ad 
’ 48 We shall see later, includes the wa 


1 is simply a 
body lO the 
nds to TeMOve the | 
locity is great 
ayer t0 be heated in turn, Convection, the 


ayey 


and replace 
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muscle tonus and produces SYMpather; 
tie 


all of which are heavproducing, By inhibi, 
On of 


activity increases 


adrenalin effects, , 
this center, the total heat output of the body is decreased 


The posterior (sympathetic) region isthe guardian aging 
cooling; that is, its activity results in a decrease of hea; lose “s 
producing vasoconstriction of blood vessels of the skin and | : 
creasing the heat output. These two centers are activated (1) by a 
inflow of nerve impulses and (2) by the temperature of the ae 
reaching them. Stimulation of heat nerves in the body activate 
the parasympathetic center, producing vasodilatation and res, 
ing; stimulation of cold nerves activates the sympathetic center 
producing the opposite effects. The effect of blood temperature an 
the centers can easily be demonstrated; warming the blood in the 
carotid artery (which supplies the center) causes visible dilatation 
of the blood vessels in the skin; cooling the blood within the carot- 
id causes blanching of the skin vessels. It is likely that the blood 
temperature is more important than nerve impulses; the heating 
of extensive areas of the skin, in addition to stimulating heat 
nerves, would increase the temperature of the blood as well. 

Fever almost always accompanies infectious disease or tissue 
breakdown from any cause; the sudden rupture of millions of red 
cells in malaria is a case in point. Protein breakdown products, 
either from bacterial metabolism or from tissues, act on the hypo- 
thalamic centers in some way to elevate the ‘“‘setting” of the body's 
thermostat, as if one turned up the thermostat in a room. The first 
effect is chills and shivering. These occur because, with the ther- 
mostat turned up to, say, 103°, the blood, at its normal tempera- 
ture of 98.6° feels “cold”; in fact, it is cold in reference to the new 
setting. This stimulates the sympathetic center, which, it will be 
recalled, guards against over-cooling; its response is to constrict the 
blood vessels of the skin (the patient’s skin is blanched) and to 1 
crease the heat production, which it does by raising the tonus ¥ 
the muscles to the point of shivering. Thus, the chills and shiver 
ing which mark the onset of fever are due, the chills to the 4” 
parent coldness of the blood in reference to the new thermostat 
setting, and the shivering to the operation of the thermostat. oe 
the temperature of the blood has been raised to correspond W"" 
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resent, and the thermostat drops to its no 
At this point, the blood is “hot” in ‘levee a 
rasymP atiete = nter is stimulated and aieias vasodi 
d profuse sweating occur. The overall effect of eek ilata- 
eficial; artificially induced fever is used in she : Is prob- 
ber of diseases, mentioned throughout this text eatment 
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THE RIGHT KINDS OF FOOD 


This section deals with the following questions: (1) What is the 
proper proportion of foods to be eaten? Having determined that a 
certain person’s caloric requirements are 3,000 Cal., the question 
arises, Does it matter in what form he gets these calories? Could he 
take them all in the form of carbohydrates, or are proteins and 
fats necessary as well? (2) What are vitamins, and why is their in- 
clusion in the diet necessary? (3) What is the importance of the 


mineral salts? 


Protein Requirement 

The problem of how much protein the diet should include is 
especially pertinent. On the part of Americans and North Euro- 
peans, the average protein intake is about 100-120 grams per day. 
ls this enough, too much, or too little? As has been said, there ap- 
pears to be an urge to build the protein intake up to this — 
‘ery poor family may encounter meat on the table for oung a 
net only, but as their economic condition improv, pom 2 
there are two cars in the garage or 4 TV set in every inn 
Tht Makes its appearance more and more frequently on does 
ine level is reached.* But the existence of such 3 alcohol 
°t Prove its rightness; a similar urge seems tO 


exist for alco! 
— enslve; 
ae ein is €XP 
* question is pertinent for two reasons- Prot 
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human fl 
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the kidneys, might not a high protein diet be harmfy| LO them: 
‘me 


race is 


parently descended from the same racial stock and who live in pile 
cally the same environment. The Masai are heavy protein-consumers; 
they love meat and milk and drink the blood of their enemies, ‘The 
Akikuyu, on the other hand, are strict vegetarians and eat little protein, 
As it turns out, the Masai are superior in height (by about 6 in.), in 
weight (by about 20 pounds), in physical strength, in mental alertness, 
and in resistance to jungle diseases of all kinds. They do have arthritis, 
which the Akikuyu do not. So in this instance at least, the advantage is 
mainly on the side of a high protein diet. 


That an extreme protein deficiency, over a long period of time, 
may be extremely harmful is illustrated by a disease known as 
Kwashiorkor, which has only recently been studied and of which 
Dr. Autret of the World Health Organization says, “This is the 
most severe and widespread nutritional disorder known to medi- 
cal science.” It occurs among the natives of tropical countries, who 
live on a high carbohydrate, but very low protein, diet, their food 
being mainly bananas, yams, cassawa, etc. Such a diet will contain 
less than 2 gm. of protein per 100 Cal., in comparison to our 
which contains 6-8 gm. In its most violent form, it affects anu 
after weaning, but undoubtedly it affects many adults as well. i 
a child shows little energy, has no appetite, eats very vara 
a severe edema (recall here what was said about tissue-fluid ‘effet 
tion; the plasma proteins are low so the osmotic pressure © 
fails), usually breaks out with skin rashes, and soon “ally shit" 
treated, obviouly, by feeding a high protein diet, espe! y 
milk. 
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one way in which the problem of how much protein the body 
needs may be studied is to determine the very minimum amount 
if protein which the body metabolizes, and then satisfy this mini- 
mum only. Supposing an animal, or human, is fed a diet, ample in 
carbohydrates and fat, but containing no protein whatever. The 
excretion of nitrogen in the urine will fall but then level off at a 
constant figure. This nitrogen comes from protein metabolism, 
and since no protein is being fed, must come from the animal’s 
own tissues. We have seen that multiplying the urinary nitrogen 
by 6.25 gives the weight of the protein metabolized. Suppose a hu- 
man on such a diet leveled off with a nitrogen excretion of 2 gm. 
daily. This, multiplied by 6.25, gives 12.5 gm. of protein. 

One would suppose, then, that 12.5 gm. of protein would satisfy 
this requirement. You would find, however, that it does not. If 
12.5 gm. of protein are fed, the urinary nitrogen will rise above 
2 9m.; in other words, not only is the fed protein burned, but some 
additional tissue protein is burned as well. ‘This provides a method 
whereby the value of different proteins can be studied, namely, by 
seeing how much of a given protein is required to reach the point 
where the nitrogen in the ingested protein equals the amount ex- 
creted. This condition is called nitrogenous equilibrium. 

It will be found that proteins differ greatly in their ability to 
achieve nitrogenous equilibrium. The animal proteins, milk, 
meat, and eggs, in amounts of 30 gm., will do so; 30 gm. of protein 
contain 4.8 gm. of nitrogen, and when they are fed, the urinary 
Nitrogen will also be 4.8 gm. Protein of rice or potatoes must be 
fed in amounts of 50 or 60 gm., while for wheat and corn protein, 


the amount is 100—200 gm. 


It is clear, then, that animal protei 
proteins, One is bound to ask why. Recall the uses to which pro- 


teins are put, or rather, the uses to which the amino acids from di- 
8ested proteins are put. One of their most important uses is to 
build protoplasm. For this, each species has its own demands; for 
the human, certain specific kinds of amino acids are required. 
These amino acids will be furnished by proteins most closely 
and steers, COWS, chickens, and pigs are more 
ans and alfalfa. It has been 


ns are greatly superior to plant 


Telated to our own, 
Closely related, after all, than are be 
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shown that the protein which will achieve nitrogenous fects 
rium in the dog when supplied in smallest amount is ~~ quilig, 
i.e., dog meat. Rover, from the other kinds of meat, ie tein, 
amino acids necessary to build Rover protoplasm and when ie 
ate Rover he found just those amino acids present in Rover Utch 
that he needed to build his own. Meat 
This is not to recommend cannibalism, yet the cannibal, whe 
eating the missionary, is eating proteins most similar to his Hs 
This shifts the emphasis from proteins to amino acids, It should be 
clear that the amount of protein is not the important thing, but 
the amino acid content of the protein is. Of the 23 amino acids 
known, the body can synthesize 13. The other ten cannot be syn- 
thesized and must be supplied in the diet. These are called the 
essential amino acids, and they come to us mainly in the animal 
proteins which we eat. The graph shows the effects of deprivation 
of certain essential amino acids, lysine and tryptophane, in the rat. 
Zein (corn protein) contains neither. At A, zein was substituted in 
unlimited quantity for their regular source of protein, skim milk. 
They obviously lost weight. At B, tryptophane was added, and at a 
lysine was also added. Only then did the rats begin to gain weight, 
showing that both amino acids were essential. So it is not the 
amount of protein that is important, but the amino acid content. 
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this leads us to our final conclusion as to the 
much protein the diet should contain. Although 
renden showed that for short periods of time 
along on as little as 50 gm. of protein, this wa 
animal protein. The housewife does not bu 
She buys bread (containing gliadin), corn meal (containing zein) 
beans, peas, rice, potatoes, etc., along with her meat, eggs, and one 
The protein that she buys is unselected; it is simply what she wants 
to feed her family. That being true, it seems best not to restrain 
the urge for protein. It seems that the wisdom of the body may be 
relied upon, or at least that an intake of 100-120 gm. of protein 
daily is not too much. 

There remains the question of possible kidney damage from 
such a high protein diet. When we later consider the function of 
the kidneys we will return to this point. You must simply accept 
the statement made here: that the excretion of urea does not 
represent work on the part of the kidneys and that, therefore, no 
harm should result from the elimination of large amounts. Here 
we need only quote certain experimental findings. 


question of how 
the work of Chit- 
people could get 
S all selected, i.e., 
y protein in that Way. 


Certain tribes of Eskimos live on meat almost exclusively, and al- 
though, of course, the meat is fatty, their protein intake has been esti- 
mated at 500 gm. or more, compared to our 100 gm. Nephritis (kidney 
disease) is almost unknown among them. You may say, But they are 
Eskimos; how about us? The two Arctic explorers, Anderson and Stefans- 
son, lived with these Eskimos for years, eating what the Eskimos ate, 
and, on their return to this country, continued on the same diet for sev- 
eral more years. Neither suffered any kidney damage oe oe 
have been fed high protein diets for years without ill e ron ven on 
rabbit, normally a herbivore and therefore not a wg pro i . 
has had one kidney removed and then been foe er 

rotei i to the remaining . / 
iS beanely allele high protein diet is not harmful to the kidneys. 


Fat Requirement . . ; 
The question of fat has not received the attention ee — 
has; however, recent experiments ahow po ee eee ie have 
diet is indispensable. Animals fed on diets ae w ee 
been removed by extraction with fat solvents do no ; they 


wVew 


ElADolism g 
do not grow normally. Their hair is rough and fal|s , Md Nutpi 
skin is scaly. There is reason to think that they heel 
fatty acids, such as linolinic and linoleic acids, which bia 
in certain points in the molecules. They are found in cy 
seed, and fish oils. rn, 
Just how much fat is required is not too well known 
should always recall what has been said about the ed Ut Ong 
cholesterol in fat and the fact that a high cholesterol intake ; 
tainly to be avoided by anyone fearing, or having suffered : cer. 
coronary thrombosis. And it should also be remembered that ai 
gram of fat supplies 9.3 Cal. as against 4.1 for carbohydrate * 
implication of this fact, for the obese person, is clear. It is reper 
too, that certain Mongol tribes eat as little as 10 per cent fat in 
their diet and are healthy, so it would probably do no harm for the 
average American to reduce somewhat the amount of fat which he 
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To return, finally, to our original question: What is a proper 
distribution of calories among the available foodstuffs? 

We would be inclined to say, that for the young, healthy 
man whose caloric requirement is 3,000 Cal., the following dis- 
tribution would be proper: 450 gm. of carbohydrate, equaling 
1,845 Cal.; 100 gm. of protein, equaling 410 Cal.; and 80 gm. 
of fat, or 745 Cal.; a total of 3,000 Cal. For the older person, the 
inclusion of less fat and somewhat more protein would seem in 
order. For work, i.e., where an increased caloric output pre- 
vails, more carbohydrates would supply extra energy. 


The Vitamins 

Vitamins may be defined as “substances, present in small 
amounts in foods, which are essential for health, and the absence 
of which gives rise to the deficiency diseases.” 

A word might be said about vitamins in general 
ing them individually. A few years ago, the Ameri 
not only vitamin-conscious, but vitamin-crazy- Th 
due to the tremendous fanfare with which drug 
their products. It can be categorically stated that ¢ oping ? 
on a good average diet is in absolutely no danger of develoP 


before consider 


ic was 


is was largely 
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— money for vitamins. 
vitamins in mainta 


verage diet contains 


jeficienY disease. He has no need to 5 
e i i 
This is NOt denying the importance 56 


health. It is simply to Say that the a ining 


i i i ampl 
amounts of vitamins. It is also not to Say that babies old vecrtts, 
and ill people may not require additional vitamins, which wil] 


nave to be purchased in drug stores, 
cation, vitamins have now found th 
This is an important place, but not t 
once occupied. 


Vitamin A.—The vitamins are difficult for students to differen- 
tiate because until recently they were all designated by the letters 
of the alphabet, which bore no particular relation to their func- 
tion. Some, such as vitamin A, still carry their alphabetic designa- 
tion; others are called by their chemical names. Vitamin A really 
exists in two forms: as vitamin A itself and asa precursor, carotene, 
which is converted in the liver to vitamin A. The vitamin is found 
chiefly in the fish liver oils, such as cod liver oil, in butter fat, and 
in egg yolk. Carotene is found in nearly all vegetables, especially 
the yellow ones, such as carrots, rutabagas, and yams, but also in 
green ones, where its yellow color is masked by the green. The 
main function of vitamin A in the body seems to be the mainte- 
nance of normal epithelial structure. Because bacteria may enter 
if the epithelium of the nose and throat is not properly main- 
tained, vitamin A is often called the “anti-infective” vitamin. 

Although true, this does not justify attempts by tie apne os 
sell tooth paste, cough drops, cosmetics, etc., purportedly ; an. 
prevent infections by their vitamin A content. i 1S visite oa: 
cult to see how smearing on a face cream, even cid studies have 
ain vitamin A, would prevent pheumants) Aten would 
been reported where, for example, children —— yi as usual table- 
be divided into two groups, Et ve esd ae much larger 
spoonful of cod liver oil daily, ee “s the incidence of colds, 
amounts. There was never any age 8 which one could con- 
influenza, middle ear dan gpa “ ng not necessarily better. 
Clude that since a little is anys involving the eyes, which 

There are two abnormalities, “— ficient. One is Xerophthal- 
Occur when the vitamin A intake 1s cle 


As a result of reason and edu- 
€ir proper place in medicine. 
he exaggerated one which they 
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mia, which affects the cornea (the transparent region where 
enters the eye). The cornea becomes cloudy and opaque li 
blindness may result. 

It is interesting that the condition was first noted in Denmark ».. 
is about the last place where one would expect to encounter it which 
Denmark is a dairying country and vitamin A is plentiful jn initia 
However, the Danes were exporting nearly all their butter fat en 
land and Germany, leaving the skimmed milk for their own child ny. 
Many little Danes went blind before the government became aware 

sas) 


the situation and restricted exports. 


The other condition is nyctalopia, or “night blindness,” As will 
be discussed in the final chapter, vitamin A is required for the Te- 
generation of a chemical substance found in the retina called 
rhodopsin. Necessary for vision in dim light, it becomes important 
in night driving. A man may be driving at night; another car ap- 
proaches whose driver fails to dim his lights, and for a minute, the 
man’s eyes are exposed to a very bright light. Then, the other car 
having passed, he is driving in the comparative dimness of his own 
headlights. To make a prompt adjustment to this dimness, the re- 
generation of rhodopsin is necessary, and, with an insufficient vita- 
min A intake, this regeneration does not occur. The driver is thus 
“night-blind,” and may miss a curve or drive into a car ahead of 


hit 


, atid 


him. 
The B complex.—Many years ago, Osborne and Mendel showed 


that rats, fed on a highly purified diet, failed to grow and de- 
veloped other abnormalities, but when given an extract of yeast, 
growth was resumed. They named the factor in the yeast extract 
vitamin B. However, it was later shown that the yeast extract 
could be fractionated into many different compounds, so now It !s 
called the “B complex.” 

We shall consider only a few of these vitamins, and not conce™ 
ourselves with whether a rat gets sore feet, or his hair turns ri 
(Incidentally, the use of pantothenic acid to restore the natura 
color of grey hair has proved completely ineffective.) - 

Thiamin (vitamin B;) is widely distributed in ge? 
sources are lean meat, particularly pork, cereals, liver, or ait 
yolk. It is to be expected that a deficiency disease from it (0 
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a 
rhiamin- 
«gman was investigating the occurrence of the d 
the East Indies, pty a widely prevalent. Here the entire 
sion lives almost exc usively on rice. However, Eijkman noted popula- 
‘hing, namely, that the incidence of beri-beri was much high an odd 
han in the rural regions. This, he found, was due to the face Po 


cities tA” i 
in the cities the removal of the husk which adheres tightly to the ric 
e 
whereas in the country, 


Is€ase beri-berj in 


ernel Was done very efficiently by machinery, 
the women whose job it was to grind off the husk would get tired and 
serve the rice with quite a bit of the husk still on. He found that an 
extract made from rice husks was highly efficient in curing the disease 

Something of the same sort is true of wheat flour. The American 
housewife prefers bread from highly milled flour, with all the outer 
portions of the grain removed, and it is in the outer portions that 
thiamin is found. Frequently the baker “‘fortifies” the bread, that is, 
adds thiamin to the flour before the bread is baked. 


One function of thiamin in the body is that it is essential for 
the operation of an enzyme system involved in carbohydrate 
metabolism. Since the brain depends exclusively on carbohydrate 
for food, it suffers most when thiamin is lacking. Beri-beri was 
mainly a disturbance in nervous system function, polyneuritis (in- 
fammation of nerves) and paralysis being common symptoms, 
muscle weakness, especially of the heart, also occurred. 

Because of the wide distribution of thiamin in foods, symptoms 
of its deficiency among us are rare. In some cases, thiamin is im- 
Perfectly absorbed and must be given in increased amounts OF it 
must be injected. One group of people who are subject to aero 
(eficiency are the heavy drinkers. If a man drinks a quart - iri 

°y a day, his day will be pretty well spent leaning against " i mid 
in cePing in the gutter. He will have neither io et aaa 

ation to eat very much. (Incidentally, the calo h, consider- 
Rate bonded whiskey is 2,800 Cal., more than aie sien av of 

: 18 activities, to satisfy his caloric needs.) Ber : he treatment 
. etiilizing drugs, thiamin was shines enters vo overcome 

sy eae tremens, and is still given to such Pp 

Ptoms due to its previous deficiency: 
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“Nicotinic acid,” as niacin was formerly called «. 
from the sales standpoint, since many people ane 
i i i : SSOCja+ 
nicotine, and in those days everyone knew thar ad ated it 
‘ Top of . tt: 
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changed to niacin. It was also formerly called the “Pp 
preventing) vitamin.” Pellagra plagued the southern a. leer 
country for the same reason that beri-berj occurred jn : Of thi, 
Indies. Many people lived on a restricted diet. restricted « in 
and corn products, such as corn bread, cone pone, whey Com 
squeezings, etc., and corn contains no niacin. Again, na * te 
beri, nervous system symptoms predominate in pellagra: ssa, 
feature is the cracked, scaly skin, which is peculiarly SENSitive “ 
the rays of the sun. Pellagra was studied by Goldberger, who tains 
that in certain institutions where the diet consisted mainly of corn 
the disease was rampant. He was able to cure it very easily simply 
by giving the inmates a pint of milk per day. Niacin is even more 
widely distributed than thiamin; its content in milk is high; in 
addition, nearly all fresh vegetables contain some; it is also present 
in meat, eggs, etc. 

Riboflavin (vitamin Bz) may be mentioned in passing. Certain 
of the symptoms of pellagra, especially the cracking of the skin 
around the corners of the mouth, the sore tongue, etc., do not re- 
spond to niacin, but do to riboflavin. Riboflavin is also absent 
from corn, so it may be that pellagra is due to a deficiency of both 
vitamins. Animals deprived of riboflavin develop a number of 
symptoms, ending in death. These symptoms appear to be due toa 
failure in an enzyme system controlling oxidation. Riboflavin 
combines with phosphoric acid and a protein to form the so-called 
“yellow enzyme,” a flavo-protein. Recently the orange-growing 1 
dustry has become aware of the importance of flavo-proteins 
flavones) and is propagandizing their presence in the ‘em 
oranges. This will no doubt result in many more people a 
many more oranges, but with what improvement in their hea 
remains to be seen. 

Vitamin C, ascorbic acid.—An old British sea captain by the 
Lind actually discovered this vitamin back in 1760, although. a very 
he didn’t know it. He was concerned over the disease seu’), : 


yn cee mariners, in armies, etc - 403 
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for Ce craving which the men suffering from pressed Lind 
sing SOUT: So he set up a “control] scur < 
wa prought along (1) some hydrochloric acid 
rors ne lemons. Part of his crew recej r( : 
€) sped scurvy. Another group received diluted hycsegihit@™ they 
“yey develoP ed scurvy 4n spite of the fact that the acid Tochloric acid: 
a7 received cider; they developed scurvy, but not ver was very sour, 
sol nate enough to get the lemons got no scur 1 Y severe. Those 
“ joing the work of the sick ones. all, and he put them 
ares he returned, he told his fellow mariners oe 
and soon the privately controlled merchant mari 
jonged, was scurvy-free, while the Royal Navy 


another hundred years. 


2) some cider, and 


vy at 


iscovery, 
ne, to which Lind be- 
Was scurvy-ridden for 


Incidentally, lemons were called limes in those days, from which 
the British sailor is still called a “limey.” 

Obviously lemons are a good source of vitamin C, as are other 
citrus fruits, such as oranges and grapefruit. Vitamin C is also pres- 
ent in tomatoes, cabbage, and other vegetables. Because the latter 
are usually cooked before being eaten, the question of the destruc- 
tion of vitamin C by cooking is often raised. Vitamin C is easily de- 
stroyed by oxidation, but in commercial canning the food is sealed 
into the can before being cooked; oxygen is thereby excluded and 
oxidation prevented. Commercially canned foods, therefore, have 
practically the same vitamin C content as fresh foods. The house- 
wife, however, cooking up a batch of tomatoes, exposes them to the 
air, perhaps puts in a pinch of soda (oxidation proceeds more 
rapidly in an alkaline solution), stirs the batch repeatedly, and 
Winds up with no vitamin C at all. 

One function of vitamin C is to maintain the p 
oe . blood capillaries. When it is deficient, ac nen ahs 
“ : Toughout the body and hemorrhage Te ue =~ 

whey 4 The teeth become loosened . : “oe * amusua! 1 
thar age into the brain may cause death. e adenine tt 
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almost completely lacking in vitamin C. The dat mill 
orange juice to the baby’s diet is therefore essentia} 10n of a lita 
Vitamin D, the anti-rachitic vitamin.—Vitamin - . e 
abundantly present in foods, except for the fish liver. not 
can scarcely be called foods. It is present in butter fat Pi 
amount is variable. Some is found in liver, a little lie hough the 
that is all. In view of this, one wonders why the aaa yolk, bur 
known to be caused by its deficiency, is not more widel Se rickets 
Before the answer became known, the occurrence ofa 
somewhat mysterious. It occurred in northern countries “a Was 
in the tropics; it occurred in the winter and not in the ae * Not 
occurred among the higher classes of Indian children (who er, It 
presumably on a better diet) but not among the lower bi 
know now that the body gets its vitamin D from two sources: as e 
enously from the diet, and endogenously, that which it Tau 
tures itself, under the influence of sunlight. (The existence of the 
second source explains the mysteries: in the tropics children ran 


ound more nearly naked, as they do in northern countries dur. 


ar 
an children were under tents, 


ing the summer. The high-class Indi 
while the lower class child ran around all day, naked, in the sun.) 


This discovery resulted largely from the work of Steenbeck and Hess, 
at the University of Wisconsin. They irradiated cholesterol with ultra- 
violet light and obtained an anti-rachitic compound, i.e., a substance 
which cured dogs of rickets. However, if they used highly purified cho- 
lesterol, they were unable to duplicate these results. Therefore, it was 
apparent that it was not cholesterol, but some substance present in the 
impure cholesterol, which on irradiation became the anti-rachitic sub- 
stance. This impurity they identified as ergosterol, which is always ass0- 
ciated with cholesterol, although in small amounts. As applied to me 
body, there is always a little ergosterol in the subcutaneous tissue beneath 
the skin, and, on exposure to sunlight, this ergosterol is converted a 
vitamin D. The amount of sunlight is, of course, the determining an 
In the winter when the sun’s rays strike at an angle, much of the wl 
violet light is absorbed by the atmosphere and never reaches thee . 

surface. This also is the reason for the variable amount aia ating 
butter fat. During the summer when the cows are in pastur’, ne 

green things and with the sun beating down on them, the ve part 
content of butter fat is high; in the winter, when they are in! 
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formation; in its absence, cal- 
( stine and bone formation is hin- 
aE OF A ack, Rickets is marked by bone defects: 
children suffering from it are bow-legged, x-legged, or have sickle- 
shaped legs. One of the earliest symptoms is the so-called rachitic 
rosary, & thickening of the attachment of the ribs to the sternum. 
Beyond these visible defects, more serious harm is done. There is a 
loss of resistance to infectious disease, particularly to tuberculosis. 
This is perhaps due to the fact that the connective tissue capsule 
which forms around a focus of tubercle bacilli does not become 
properly impregnated with calcium and therefore tends to break 
down more readily. 

As has already been mentioned, rickets in its early stages can be 
diagnosed by means of X-ray photographs of the bones; the thick, 
fuzzy, indistinct epiphyseal plate indicative of rickets is ane in 
the drawing on page 103. Just how much vitamin D “ a - 
whose bones are already formed, requires 1s not anon, vic . 
irradiation of the skin by sunlight, plus the small a a 
into the diet, appear to be adequate = eee mia, found that 

Vitamin E.—Evans, at the University of Calitornia, had 

: i hich all the known vitamins Na 
rats fed on a purified diet to W female, conception occurred 
been added, became sterile. In on certain point, but was then 
and the fetus developed up “ eri erm failed. The addition 
aborted, In the male, the formation a ae tis deficiency. He called 
of wheat germ oil to the dies nice the anti-sterility vitamin, OF 
the vitamin presen’ haope ator Evans; it was simply the next 
vitamin E, (The E does not stan n found to occur in lettuce and 
letter on the list.) It has since bee 
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ment of this discovery was used by drug houses to Promote the ; , 
of wheat germ oil; there are many reasons why some womer te 
not have babies, but a lack of vitamin E is Probably never 
them. ‘i. 3 

Vitamin K.—This vitamin, which is also found jn whe 
oil is essential for prothrombin formation by the live 
ciency, failure of blood coagulation and, consequently, hemorrhage 
occurs. Normally, it is synthesized by bacteria in the intestine and 
need not be taken in the diet at all. It is soluble in fats and js ab. 
sorbed with fats; therefore, if bile salts, so essential in fat digestion 
and absorption, do not enter the intestine, because of gallstones or 
some other cause, vitamin K may remain largely unabsorbed. Un. 
der these circumstances, the administration of bile salts is al] that is 
necessary. In chicken- and cattle-feeding, where, as Previously men. 
tioned, the administration of antibiotics results in more Tapid 
growth, destruction of the intestinal bacteria results in failure of 
vitamin K synthesis. It is then necessary to administer vitamin K, 
usually in the form of wheat germ oil. 

Vitamin By».—This vitamin has been discussed under red cell 
formation, and little need be added. In pernicious anemia, the 
small amounts of By» present in foods are not absorbed; it is then 
necessary to increase these amounts greatly, or better, inject the 
vitamin intravenously. It is surprising how small an amount is 
needed. A few micrograms (1 microgram = 1/1,000 of a milligram) 
will frequently be adequate to bring the red count back to normal. 
It is interesting that cobalt, the salts of which have long been 
known to stimulate excess red cell formation, is an essential part of 
the vitamin B,» molecule, although these salts themselves are of no 
value in treating pernicious anemia. 


T one of 


at germ 
TS IN its deg. 


Mineral Salts 


As far as the human diet is concerned, the body’s requiremen's 
of sodium chloride and potassium chloride are always more aoe 
adequately met. We are, in fact, constantly excreting the excess - 
the urine. (This is not true of herbivores, however, whose feed my 
contain little or no salt, so that it must be provided.) It sometim® 
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happens: though, that the loss of salt from the hr 
a erty 
rofuse perspiration may become excessive. 
P 


This condition was first noted in the tin 
rature was high, the humidit 
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iman body during 


amount of salt, 


too much was being lost in the perspiration, They were supplied with 


salt tablets to take with their drinking water and felt much better. This 
has led to the introduction of salt dispensers alongside the drinking 
fountains in many of our industries, especially in the south, 


Calcium.—It is often stated that of all the mineral salts, the 
human diet is most likely to be deficient in calcium, but one looks 
in vain for examples illustrating this deficiency. Many people do 
not drink milk, the very best source of calcium (1 pint of milk 
contains 0.6 gm.). Cheese is also an excellent source (100 gm. of 
cheese contains 1 gm. of calcium), but many people do not eat 
cheese either, or not very much. Some nuts are rich in calcium, 
but most people only eat nuts at Christmas. For the child, of 
course, calcium is essential for bone growth. Children require 
from 1 to 1.5 gm. of calcium per day, and lactating mothers require 
twice that much. But it is difficult to believe the statement that, 
for calcium, the adult diet is constantly on the border line. Either 
the required amount which, as stated on existing tables, is eXagger- 
ated (0.5-1 gm. of calcium per day) or else the distribution of cal- 
cium in the various foodstuffs is greater than is usually stated.* 

Iron and copper.—These have both been mentioned in connec- 
tion with hemoglobin formation and need not be further ca 
Cussed. Suffice it to repeat that both are widely distributed an 
that barring the loss of blood by hemorrhage, BG. AGS need yet 
of his way to specifically increase his intake of either of these 
elements, 

odie An essential part of the thyoxin, molecule i the 
absence of iodine, goiter occurs. This wl 3 
ength when we reach the thyroid in chapter 1». 


need of increasing their calcium intake— 
or teeth—that in preparing their “National 
added per 280-pound sack. 


* So convinced are the British of oil 
Perhaps because so many of them pe 
ur,” 14 ounces of calcium carbonate 
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2 titi 
and Zinc.—These are two of the “trace” "On 


that is, they are present in the body only in traces. The atts, 
Ils in minute amounts and have probably importan, Pres. 
tions to perform, about which, however, almost nothin fi 
It is known that zinc 1s present in the carbonic anhydrase fein 
(carbonic anhydrase was mentioned under respiration) and ‘ Cule 
be that some of the insulin stored in the pancreas may be Ma 
bined with zinc. Deficiencies of either of these two eleineny, 
so rare that they may be disregarded. are 

Fluorine.-In recent years fluorine has attracted considerab| 
attention in connection with dental caries (tooth decay). It ie 
to be well established that a very small amount in the drinkin 
water greatly reduces the incidence of tooth decay. In fact, the 
World Health Organization (a branch of the United Nations) un. 
qualifiedly recommends the addition of fluorine to drinking water 
in amounts which will give a final concentration of 1 part of fluo. 
rine per 1,000,000 parts of water. Its action is not thought to be 
on the teeth themselves, but in inactivating certain bacterial en- 
zyme systems which are responsible for the decay. Too much 
fluorine, on the other hand (5 parts per million), leads to mottling 
of the teeth; such teeth are highly resistant to caries, but, of course, 
the mottling is a blemish, and besides, such teeth seem to be 


weaker than normal teeth. 


Manganese 


ent in ce 
: 
§ known 


Alcohol 

Whether the use of alcohol is good or bad is beside the point; 
ever since fermentation was discovered, man has used alcohol and 
probably always will. There is much to be said for the moderate 
use of alcohol, and everything to be said against its immoderate 
use. If a man will limit his drinking to one, never more than two, 
cocktails before dinner and one, never more than two, highballs 
before going to bed, with maybe a scoop of beer in the middle of @ 
hot day, he need never worry about his drinking. The cocktail 
will give him a feeling of ease and relaxation after the hard day® 
work and the highball will help put him to sleep. (He had bette 
watch his calories, though, since each drink is equivalent to abou 
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mounts of alcohol 


e are assumin 
that 
many people dri ’ § 
ink ‘ nk no more 
this. and many drink less, and against that kind of drinki se 


most rabid prohibitionist will find difficulty arguing. 

Unfortunately, there is another side to the picture, the man, 
for example, wiih, already partly tight, has “one for the road,” 
smashes up his car, and kills several perfectly sober people in the 

rocess. 

And the problem of the alcoholic is a serious and tragic one. By 
most people, alcoholism is considered a disease, the result of emo- 
tional instability acted upon by the stresses and strains of modern 
living, trouble with the little woman, etc., but the fact remains 
that the bending of the elbow and lifting of the glass is a voluntary 
act and could be voluntarily inhibited. Disease or not, it appears 
that many a heavy drinker drinks heavily for no other reason than 
that he likes the stuff. 

There isn’t very much that can be done about it except to treat 
the alcoholic as he comes along. (Alcoholics Anonymous is doing 
a splendid job.) Prohibition has been tried and has failed; a dry 
town is usually “wetter” than a wet town and a dry county “wet- 
ter” than a wet county. Man isa terrific hypocrite in this respect. 
He will vote dry and then drink himself under the table. Prob- 
ably the underlying reason for all drinking 1s a sense of pianipenns 
In spite of all the ages during which man has possessed a R 
he still isn’t quite sure of himself; he worrles about atomic ombs, 
he worries about the Russians, about his crops, about his finances, 
about his love affairs, and for all these worries he finds tong in 
alcohol. It has ever been like this and probably ever wall De. 


ihe day's work is done. Many, 


ng the 


Tob . 
ey obacco than that it, 


rhaps an abnormal 
nd you will get 4 
ill say a cigarette 
need is there. 


said about the use of t 


i ill be 
Nothing more w1 en aan pa 


like alcohol, seems to satis 
one, but still a need. Ask men WHY they smoke a 


i : one man W 
thousand answers; some councne Le se 
peps him up, another that 1t lets him down, 
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Even the strong evidence, if not certain proof that thoes tition 
a causative factor in the production of cancer - ae " 
and who wants to die of cancer of the lungs?—has haq littl Ungs. 
effect on cigarette-smoking. This is strange, in view of & if an 


: th yh 
; with which most people regard cancer.* © Morbiq 


ing is 


fea 


* Undoubtedly it’s true, what the fellow always said: 
Tobacco is a filthy weed; 
I like it. 
They say it fills no normal need; 
I like it. 
It makes you old; it makes you lean; 
It takes the hair right off your bean; 
It’s the darndest stuff I ever seen; 
I like it. 


THE EXCRETORY SYSTEM 


CHAPTER 14 


The kidneys are a pair of bean-shaped organs, weighing about 150 
gm. each, lying against the dorsal abdominal wall on either side of 
the aorta and inferior vena cava. They receive blood from the 
aorta and discharge blood into the inferior vena cava. From the Y 
kidneys emerge the ureters which conduct the urine to the urinary 
bladder, as shown in our diagram of the system. Urine is extracted 
by the kidneys from the blood; since one of the functions of the 
kidneys is the elimination of waste products, the blood supply 
should be generous, and it is. The blood flow through the pair of 
kidneys is about 1,200 cc. per minute, or nearly one-fourth of the 


cardiac output. 


ANATOMY OF THE KIDNEY 

If a kidney is sectioned, it can be seen, even eet hp ne 
to consist of two regions. The outer region, calle t € a sia 
is granular, with tiny red spots scattered tg ae - a oe ach. 
and the inner portion, OT medulla, 15 striated. N people 
nation reveals that the granular portion really ares ha wa 
tiny tubules, apparently ranminé ay eee 

All 


INFERIOR VENA CAVA 


RENAL PELVIS 


URETER 


URINARY BLADDER 
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being nests of capillaries. ‘The striated appearance of the medulla 
is due to the fact that it consists of many tubules running parallel 
to each other, and emptying into the renal pelvis, which is the 
space at the inner surface of the kidney. This space is covered bya 
membrane, and from this space the ureters conduct the urine to 
the bladder. The confusing appearance of the cortex is on¢ of 
appearance only. By very careful dissection it has been possible to 
show that each human kidney contains about one million inde 
pendent structures called “nephrons.” Each nephron functions 
independently, and the final product of the kidney is simply ue 
sum of the products of the individual nephrons, one of which 's 
presented schematically here. 


The Nephron 


<va 


This consists, first of all, of a net of blood capillaries, ; 
uter ' 


Asta § 
glomerulus, which is almost completely enclosed by the © 
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het Where they met, the tip of the tubule had almost complete- 
ly gurrounded the capillaries. Bowman’s capsule extends into a 
mbule called the proximal convoluted tubule. This is a highly bent 
and «wisted little tubule, which then narrows into a long, slender 
tube, the loop of Henle, which extends toward, or into, the medul- 
Ja, then loops back on itself, and, having returned to the region of 
ts origin, NOW thickens into the distal convoluted tubule. It is 
nvisted around the proximal one, and it is this intertwining of 
tubules of the same nephron, plus their intertwining with tubules 
of other nephrons, which made the original picture of the renal 
cortex so confusing. The distal convoluted tubule empties into a 


collecting tubule; several of these join, and, running parallel to each 


other, all empty into the renal pelvis. 
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Blood Supply bb 
The renal artery 15 4 short, stubby artery from the a otta te 


kidney. Here it eventually breaks Up ite a million arterj, 
to each nephron. These afferent arterioles each open into the hy 
laries of one glomerulus. Having passed through these capillan 
the blood enters a vessel which ordinarily would be a wa “tn 
here is not a vein. It is called the efferent arteriole, because " a 
open into a second set of capillaries surrounding the tubules of the 
same nephron. Having passed through this second set, the bias 
will empty into a vein; these veins will join until finally the renal 
vein is formed, and the renal vein opens into the inferior vena 


les, On 


cava. 

At this point, it might be asked (as we did before, in the case of 
the portal circulation), What supplies the pressure to carry the 
blood through the efferent vessel and the second set of capillaries? 


Here we have no “contracting” mechanism, as in the case of segmen. 
tation, but must find our explanation in the dynamics of blood flow. 

In the first place, the renal artery is thick and short and takes off 
directly from the aorta; there is, therefore, little pressure lost in reaching 
the kidney. Second, while a million arterioles supplied from one artery 
may seem like a great many, in view of the size of the renal artery com- 
pared to other arteries, it is actually few. Third, the afferent arterioles 
are larger than arterioles elsewhere. All this adds up to the fact that the 
pressure in the capillaries of the glomerulus is higher than in any other 
capillaries in the body. It is about 60 mm.; elsewhere it would be about 
30 mm. This high pressure is sufficient to force the blood through the 
efferent vessels of the kidneys and through the capillaries beyond. 


We might also at this point, consider the effects of constriction 
or dilatation of these vessels. Constriction of the afferent arterioles 
decreases the pressure within the capillaries of the glomerulus and 
decreases the amount of blood passing through them; al 
on the other hand, increases the pressure and increases payee 
flow. Contraction of the efferent arterioles raises the blood Pr 
sure in the capillaries of the glomerulus, but decreases a“ 
flow through them. 
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en a glance at the sketch of a ne - 
pov rine formation P robably took plsae ty ere to 
pering that everything that leaves the blood does 6) a Remem. 
jaries, here we find two sets of capillaries, one in the ‘ gh capil- 
ad one surrounding the tubules. According to Suthers Smnerulits 
yrine formation does, in fact, take place in two stages: ite 
"the blood through the wall of the capillary into Bowman’ 
ule; and (2) reabsorption of certain substances back into the vec 
from the convoluted tubules. The details of these two roc sti 
will next be explained. processes 
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a guess 


filtration in the Glomerulus 


By this is meant mechanical filtration, what the chemist does 
when he pours a solution through filter paper in a funnel with a 
beaker underneath. In the case of the chemist, the driving force is 
gravity. In the kidney filter we have blood under pressure being 
driven through a membrane, consisting of the thin capillary wall 
and the equally thin wall of Bowman’s capsule, into a fluid on the 
other side (that within Bowman’s capsule) where the pressure is 
very much less, Just as the force of gravity forces fluid through the 
chemist’s filter, so the blood pressure forces fluid through the 
membrane into the capsule. The 60 mm. pressure in the capillaries 
works against a pressure of only about 10 mm. in Bowman's 
capsule, 

This hydrostatic pressure of 10 mm. i 
‘light resistance to flow through the tubules of the nephrons. As 
We shall see later, there is no back pressure exerted from the blad- 
(er, even when the bladder is full. There is, however, an osmotic 


: idney, 
Pressure factor which must be considered. In the normal ki y 
brane; their mole- 


n the capsule is due to the 


Plasma i s 
proteins cannot pass through the mem 

"ules are much too large. Blood cells obviously cannot 
n , h the capillaries, water plu 


ae So, as the blood passes throug 
tine dissolved substances, such as salts, u 
the gh, leaving the proteins behind in the p 
*sMotic pressure of the plasma oveT that of t 


rea, glucose, etc, pass 
lasma. This increases 
he filtered fluid, 
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. Y Sy, 
pressure tends to draw water into the bloog em 
. (Th 
€ 


the fluid, hypotonic.) In this Case, it 4 
‘ t 


the flow into the capsule: th Cts as 


a fore, 


and osmotic 5 
blood is hypertonic, ©" 
force tending to restrain 
against the flow-through. 


This osmotic pressure is a force of about 30 mm., which, sddeg 
to the 10 mm. hydrostatic pressure, equals a force of 40 mm 
There is, then, a net filtering pressure of 60 minus 40, or 29 iim. 


The question arises, What evidence is there that filtration 


: : does 
occur, and that it is the first step in urine formation? 


First, anything done in a mechanical filtration system that alters the 
volume of the filtrate will have the same effect, applied to the kidney 
If, for instance, in a mechanical filter, the pressure over the solution is 
increased, the volume of filtrate will be increased. Constriction of the 
efferent arterioles achieves the same result in the kidney; the pressure in 
the glomerular capillaries is increased, and the volume of filtrate is in- 
creased. By the same token, a fall in the capillary pressure reduces the 
volume of filtrate; if the pressure falls to 40 mm. or less, filtration ceases, 

Second, if filtration were other than mechanical, that is, if it repre- 
sented a vital activity on the part of the cells, then increasing the volume 
of filtrate should increase the oxygen consumption of the kidney-this 
increased oxygen consumption being a measure of the work which the 
kidney performs. This does not happen; increased filtration is not ac- 
companied by any demonstrable increase in the kidney's oxygen con- 
sumption. 

Finally, in mechanical filtration, there is no change in the concentra- 
tion of those substances which pass through the filter. In the kidney, 
this is also true. Richards of the University of Pennsylvania has devel- 
oped a method of obtaining samples of glomerular filtrate by the intro- 
duction of microscopic glass pipettes directly into Bowman's capsule. 
Analysis of the samples shows that the concentration of the truly dis- 
solved substances—glucose, salt, urea, etc.—is exactly the same 1? the 
filtrate as in the blood plasma. 

t the 
f the 
jnto 


In view of all this evidence, we are justified in saying tha 
first step in urine formation consists simply of the filtering © 
blood as it Passes through the capillaries of the glomerulus, 
Bowman’s capsule, 

Ae Ree of the blood is filtered—that is, what volume ae 
Owing through the capillaries ends in the capsules? 
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“ method by which this is determined will 


volume is very large, 180 liters per d 


be ex 
ay, which js 
neys iS about 1,200 cc. per minute, A 


; a, that would mean that | 
js plasma, lat + OF rough] ’ 

jasma, passes through the capillary wall to born the on me a the 
(This, of course, is for both kidneys.) pret ata 


The rest of the blood continues and flows through the efferent 
arterioles into the capillaries surroundi 


( ng the tubules, where, as 
we will presently see, most of this fluid 


is returned to the blood. 
Reabsorption in the Tubules 


Cushney’s theory continues by saying that as the filtrate passes 
through the convoluted tubules, certain substances are removed 
from it by the cells of the tubules and returned to the blood. 
These reabsorbed substances are those which are important to the 
body, such as glucose, the amino acids, and, of course, water. They 
are called threshold substances because, for each, there is a thresh- 
old beyond which the kidneys cannot totally reabsorb them. In 
the case of glucose, for example, we have already seen that if the 
concentration of glucose in the blood rises above a level of 170 
mg. per 100 cc. blood, some glucose is excreted in the urine (glyco- 
suria). The concentration of glucose in the filtrate is, of course, the 
same as in blood. When its concentration reaches 170 mg., the cells 
of the tubules find the load too heavy; they put as much back into 
the blood as they can, but some escapes into the urine. 


It is also possible to eat a meal so high in protein that the con- 


centration of amino acids in the blood—and in the filtrate—exceeds 


aa ae Sd on cashing ane threshold 

From the point of view oF a ’ ‘ 
substance. Gasine what it would mean po me hi bps 
sorbed. It would mean a urinary Venele le el than drinking 
lons, per day. There would be time for on ep no pine mc 
and urinating. As it heeding ets te “ts the anwant re- 
difference between 180 liters and 1-1. ae evidence support- 
absorbed. This reabsorption of —— = — : evidence can be 
ing the second step of Cushney’s theory; more 


added. 
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- sample of fluid taken directly from Bowman’s “Apsule sh, 
If a si oat of glucose of 100 mg. per 100 ce., and 4 sample ows py 


“s ; none, it is clear that re; Ene take 
eting tubule shows 2008, absorption of gi” 


concent 
from a colle 
cose occurred, 


Further, one would expect that reabsorption would represent 
; / 


on the part of the cells of the cubules, and that increasing the en 
would result in an increased oxygen Consumption, This IS found t6 be 
the case. If, during diuresis (a condition in rp the urinary output; 
high) a drug such as pitressin is given, the'e ect of which is to stimulate 
the cells of the tubules to reabsorb more water, the oxygen consumptio, 
during this period is, in fact, increased. Not all reabsorption, however. 
represents work on the part of the kidneys. Some substances, such as 
urea, are passively reabsorbed. . 

Finally, cyanide in appropriate doses acts to poison the tubular cells: 
following its administration, the fluid passes through the tubules un. 
changed. 


rk 


In view of all this, we are justified in accepting tubular reab. 
sorption as the second phase in urine formation, 

A minor modification in Cushney’s theory has had to be made, 
It is possible for the cells of the convoluted tubules to excrete cer- 
tain drugs and dyes from the blood into the filtrate; that is, the 
movement here is in the opposite of reabsorption. It seems very 
unlikely, however, that any of the normal constituents of the 
blood are handled in this manner. 


Clearance Tests 


We have said rather glibly that the blood flow through the kid- 
neys is 1,200 cc. per minute, and that the amount of filtrate formed 
is 125 cc. per minute. It must now be shown how these figures ar¢ 
arrived at. It often becomes necessary in the case of kidney disease 
'0 actually make these determinations, For instance, in a cas¢ ° 
atherosclerosis, the blood vessels of the kidney may be affected and 
the physician may want to know how much blood is actually fo" 
ie through the kidneys. There is a chemical substance ae 
sre is completely removed from the blood in Pio 
from “4 € Kidney, partly by filtration and partly by ex “ 

the blood into the filtrate. This j € the dru 5 mention” 

above, It has been sho ht aah nae’ "i r llow! 

jection, Diodrast is we ebeatedly in animals that, , the 
Present in the arterial blood entert"g 


ng na) 


The Excretory System 419 


. f . 
ney, but 3s absent from the venous blood leaving the kidney. This 


drug, therefore, makes it possible to measure the volume of blood 
flow through the kidneys. A certain level of Diodrast is slwetaea 
‘n the arterial blood by frequent injection, and the amount - 
creted in the urine over a period of time is determined. 


Say the Diodrast level in the blood is maintained at 100 mg. 
per 100 cc. of blood, and that during five minutes 4 gm. is ex- 
creted in the urine. This is 800 mg. per minute and means that 
during that minute, eight 100-cc. portions of blood, or 800 cc., 
passes through the kidneys. This is in contrast to the normal of 
1,200 cc. per minute, indicating that the blood flow through 
the kidneys of this patient is somehow partially obstructed. 


A similar method is used to determine the volume of filtrate 
formed. For this purpose a chemical substance called inulin (inu- 
lin is a form of starch and must never be confused with insulin) is 
used. It is known that inulin is filtered from the blood but is 
neither reabsorbed nor excreted in the tubules (as is Diodrast). 
This being true, the inulin in the urine all came from filtrate, 
none having been added nor taken away as it passed through the 
tubules. A constant level of inulin in the blood is maintained, and 
the amount excreted in the urine over a period of time is deter- 
mined, 

Say that the inulin concentration in the plasma is main- 
tained at 10 mg. per 100 cc. plasma, and that in five minutes 
62.5 mg. is excreted in the urine; this is 12.5 mg. per mer 
Since the plasma (and filtrate) contain 10 mg. eo i ‘ea 
mg. would be contained in 125 cc. filtrate, whict means 
125 cc. filtrate is being formed per minute. This is the oe d 
figure. If, in a given patient, the amount were less, that wou 
indicate a failure in the filtration process: 
plied to this cage pee hence : 
Meant the number of cubic apes seated i pn, “ag 
cleared of a certain constituent 19 4 c ne meen of plaaret fil 
case of inulin, the clearance 15 equal to the 


3 ms ter than 
; ce, the “clearance 1s grea 
tered. or a different substance, 
for in rf a: means that some of the substance has been added, 
ulin, 


The term clearance is ap 
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by direct excretion from the blood into the filtrate; if the clears 
is less, that means that some of the substance has been reabsorbee 
y Handles Specific Materials 

Water._As we have seen, the filtrate is nothing other tha 
protein-free plasma; it is, therefore, about 98 per cent fo 
There are about 180 liters of filtrate formed per twenty-four 
hours. The output of urine is only about one liter, so 179 liters of 
the filtrate are reabsorbed. Most of this reabsorption is passive: 
that is, the water simply diffuses back into the blood through the 
cells of the convoluted tubules. Some of it is “active,” however, 
and this means work for the convoluted tubule cells. About 40 


liters out of the 179 are handled in this way. The control of active 
plicated process, shown here 


How the Kidne 


reabsorption is a somewhat com 


schematically. 
One of the hormones of the posterior lobe of the pituitary, 


pitressin, has the function of stimulating the active reabsorption 
of water. It is thought to act on the constricted portion of the loop 
of Henle, at least in animals where this anatomic structure is lack- 
without effect. Others, however, believe that it 
takes place in the distal convoluted tubule. The stimulus causing 
the secretion of pitressin is thought to be nerve impulses passing 
into the posterior lobe over fibers lying in the pituitary stalk and 


ing, pitressin is 


HYPOTHALAMUS 
i POSTERIOR LOBE OF PITUITARY 
SECRETES 
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INTO BLOOD 
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originating 1 the hypothalamus, There ar 


gory nerve endings which are stimulated by 
the blood), either in the hypothalamus 


; . ; or al 
vessels leading to it, which are caso Ong the walls of blood 


eptibl ‘ 
motic pressure of the blood. This ti P € to changes In t 


» whic 
This is how the mechanism works: 


If water is withheld, some water is lost from the body, chiefly by ev 
oration from the skin, and the blood becomes more pie He ig 
other words, the osmotic pressure rises. This acts to stimulate the dverio. 
receptors; nerve impulses pass into the hypothalamus, and from there 
to the posterior lobe. The posterior lobe is thereby stimulated to secrete 
more pitressin; this pitressin is carried 


mo by the blood to the kidneys where 
it Increases the reabsorption of water. Water is thereby conserved, and, 
of course, the urinary output is reduced. 


If one drinks a good deal of water (or beer), the fluid is absorbed from 
the intestine into the blood. One would expect the blood volume to be 
increased and the protein osmotic pressure to be reduced; both of these 
effects would increase the filtration rate. Both of these things do happen 
but only to a very minor extent. The excess fluid quickly leaves the 
blood and enters the tissue fluid, and the filtration rate is only slightly 
affected. But the chemoreceptors are extremely sensitive to even this 
very slight fall in osmotic pressure. They send fewer impulses _ = 
hypothalamus, which sends fewer impulses to the posterior lob ,an 
the posterior lobe secretes less pitressin. Remembering ett Laoag 
stimulates water reabsorption, a lessened amount of i a mie ine 
reabsorption. The cells of the loop of Henle, not stimu cigae v pont 
an extent, do not reabsorb as much water; more Is Peta meckaolem Ss 
and the urine volume is increased. So elect ee ittle as 0.25 cc. 
regulating the urine volume that the output may be as _— 

; ‘ ‘vation and as much as 20 cc. per m 
per minute during water ae npg ea 
ater are . 
When large volumes of w — eons fisied with pan- 
result of brain injury or disease, 
te pitressin, OF does so in inade- 


Diabetes insipidus is a disease 
creatic diabetes) in which, as the 
i posterior lote dose Dot cted from what has been said, 

be expe . : 
quate amounts. As would ts of urine. In one re 
such people void inordinately great aimee er day. This volume, 
ported case the urinary output was pete to 40 liters of water 
laced by 
of course, would have to be rep 
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and the drinking of 40 liters and the voiding of 49 lite 
ts 


er day; ; : : ; ; 
Pe sia ane that the patient had little time or interest in anythin 
but the drinking fountain and the bathroom. Such patient; ‘ne 


always thirsty; they do not void so much because they drink 7 
much; they drink so much because they void so much. The treat. 
ment of the disease is by the administration of pitressin, frequent. 
ly given by nasal insufflation. The action of the hormone continues 
for several hours; therefore, the administration need be repeateg 
only a few times per day. 

Urea.—The concentration of urea in plasma, and consequently 
in the glomerular filtrate, is about 30 mg. per 100 cc. blood. In 
the course of twenty-four hours between 25 and 30 gm. are elimi. 
noted. Urea has a “clearance” of only about 70 cc., which means 
that only 70 cc. of the 125 cc. of filtrate that passes through the 
tubules is “cleared” of urea, as compared to the 125 cc. which 
would be cleared of inulin. (This sounds as if 70 cc. were com- 
pletely cleared and the other 55 cc. left untouched. What it really 
means, of course, is that 70/125 of the urea present in the 125 cc. 
filtrate was eliminated.) This means that a considerable amount of 
urea is reabsorbed. This reabsorption is, however, purely passive, 
the urea diffusing back into the blood from the filtrate without 
active work on the part of the tubular cells. 

In discussing the amount of protein in the diet, the question 
was raised as to the possibility of kidney damage resulting from a 
high intake. This question can now be answered. The urea passes, 
by mechanical filtration, into the filtrate. Most of it is passed on 
down the tubules and is eliminated in the urine. Some passes back 
into the blood; but this is a passive process, and does not require 
work on the part of the kidneys. For these reasons, we may con 
clude that a high protein diet cannot harm the kidneys by over 
working them. 

Salt.—There is salt present in urine normally; therefore, it might 
pg oi : a non-threshold substance. That ae " i" 
tuo dsseceere i the “i that if salt is withheld from ws wo cot" 
tinue to er le age aie ni Mader thee rue ng take” 

e salt, in view of the fact that it is not bens 


in, wo + 4 sgul i 
uld result in an unfavorable effect on osmotic pre 
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crerfore reabsorption of salt occurs, 


imi alt is taken. i+ ; 
wite promptly eliminated. Control] of salt excretion j i is 
ander the control of the hormones of t S largely 


he adrenal 
‘ ar cortex, and wij 
be discussed under that heading In the chapter on the ret 
ine 
system. 


Glucose.—In the normal kidney, 
Jete so long as the concentration 
mg. At this and higher concentrati 
ance in the urine. As the concentra 


cose is excreted, until, at very high concentrations, the maximum 
reabsorption capacity of the tubules is reached. This is called the 
“tubular mass” for glucose, and is about 320 mg. per minute. All 
glucose present in the filtrate, beyond this limit, is excreted in the 
urine. This does not mean that the blood glucose level cannot rise 
above that figure; in diabetes, the blood sugar may occasionally be 
1,000 mg. per 100 cc. blood, or even more. What must be remem- 
bered is that of the 1,200 cc. blood passing through the kidneys per 
minute, only 125 cc. passes into the filtrate, and it is only from this 
125 cc. that sugar is reabsorbed, and excreted. 

Plasma proteins.—The normal filtration membrane, that is, the 
wall of the capillary plus the wall of Bowman’s capsule, is imper- 
vious to proteins having a molecular weight greater than 60,000. 
This means that all plasma proteins are normally excluded, since 
albumin, the smallest, has a molecular weight of 69,000. However, 
this is very close to the critical size, and so it is not surprising that 
albumin may appear in the urine. Albuminuria, as this or ne 
is called, occurs frequently when one is ill with some other disease, 
especially if the disease is accompanied by ic It in — 
athletes, especially during he edie cvulifan. taesnaaind albu- 
spend a great deal of time in stanal : 
mira and, ily, among crea percentage of oun go 
ing boys (adolescent apes oan ; In — cases, al- 
Mnocuous and leaves No Teele ii little if any harm is 
oui the, Mag a 2 Cer ea te acieto ratio of the urine 
done. In kidney disease, - : * high, that is, much albumin for 
is frequently determined a roel in damage is obviously less than 
little globulin, say, a ratio of 10:1, 


reabsorption of glucose is com- 
in the blood is not above 170 
ons, glucose makes its appear- 
tion rises, more and more glu- 
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:]. Globulin has a molecular we; 
tio is low, say, 2:1. : veight 
J a heer € the ratio were 2:1, it would mean that both Peed 
rough with equal ease, that being approximately their yati, ne 
ia plasma, and that the membrane was unable to hold back mole. 


cules as large as globulin. 


Summary of Kidney Functions 

1. The exeretion of waste products, such as urea, uric acid, etc. 

9, Maintenance of the body’s water balance, by eliminating 
large amounts when the intake is high, but reducing the amount 
excreted when intake is less. 

3. Maintenance of a proper osmotic pressure. This is done pri- 
marily by regulating salt excretion, eliminating excessive amounts, 
but restricting the output when dietary intake is limited. 

4, Maintenance of the proper pH for the blood and other body 
fluids. Although this function is often included in chapters on 
respiration, we have reserved it for this point, because it is actually 
the co-ordinated work of three systems which have now been de- 
scribed: the circulating blood; the respiratory system; and the ex- 
cretory system. A detailed description of the interactions involved 
will serve as a preview of the chapters which follow, concerned 
with those two great regulators of the body: the endocrines and 
the nervous system. 

We have already pointed out the importance of maintaining the pH 
of the blood at 7.35; a PH below 7.0 is usually fatal, as is a pH above 7.8. 
Most problems here are related to a fall in PH (rise in acidity), because 
CO, is being continuously produced and, combined with water, becomes 
the body’s most prominent acid-former: 


CO, + H,O > H,CO,. 

balance: 
elimina- 
) by the 


i mechanisms are involved in regulating the acid-base 
tion af ghe buffers,” particularly those of the blood; (2) 
kidneys, 2 by the lungs; and (8) excretion of acids or bases 

Buffers have already been explained in the section dealing with ~ 


blood. T : : 

was the — ‘t was pointed out that sodium bicarbonate (Na = 

both in pla st important buffer in the plasma, although the prote 
p'asma and in cells, were also efficient buffers. 
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the elimination of CO, by the lungs results f 
The ratio of carbonic acid (HCO 
- uired to maintain the proper 
pase. If one holds his breath the amount o 
the ratio is increased; and PH falls. 
(Remember always that a fall in pH 
been said, increased CO, and increase 
center to increased activity, which for 
held; or rapid, deeper inspiration re 
by other means, such as exercise. The excess CO, is expelled and the 
proper ratio Is restored. Conversely, overventilation (deep and rapid 
breathing) will “wash out” more than the usual amount of CO.. This 
will lower the degree of acidity and pH rises. This condition is called 
alkalosis. his may also follow an increase in the value of the denomi- 
nator of the ratio—by the ingestion of large amounts of sodium bicarbon- 
ate (for a sour stomach, for instance) or the loss of hydrochloric acid 
through vomiting, mentioned in connection with “alkaline tides” in 
chapter 11. 

The kidneys cooperate in maintaining the acid-base balance in several ways. 
The cells lining the tubules can secrete hydrogen ions into the tubular 
fluid, which becomes the urine. This is a rather roundabout process. The 
carbonic acid ionizes to form H and HCO,. Present in the fluid and in 
the cells is NaHCO3. The Na is removed from this compound and com- 
bines with the HCO above to form NaHCOs, which is returned to the 
blood. The H combines with the HCO, from the sodium bicarbonate to 
form H,CO3, which is passed into the tubular fluid and excreted. An- 
other mechanism is provided by the ability of the kidney to secrete am- 
monia (NH). This combines with water to form NH,OH, which is ob- 
viously a base. The ammonium hydroxide reacts with carbonic acid to 
form ammonium bicarbonate: 


rom the breakdown of H,CO. 
3) to sodium bicarbonate (NaHCO,) 


acidosis. 
means increased acidity.) As has 


d acidity stimulate the respiratory 
ces breathing if the breath is being 
sults if the rise in CO, came about 


H,CO, + NH,OH > NH,HCO, + H,0. 


This reaction continuously removes free H.CO, from the tubular fluid 
an i be secreted into it. . 

ie ferantos tosetes mainly carbonic acid. Other acid radicals are 
handled exclusively by the kidneys. We have mentioned that in diabetes 
the ketone bodies are formed as the result of excessive fat metabolism 
with decreased carbohydrate metabolism. The same thing, to a lesser 
degree, occurs in starvation, where much fat and little carbohydrate is 
burned. In advanced diabetes, as much as 200 gm. of these non-volatile 
acids are produced; and obviously their presence 1n the blood results in 
a high degree of acidosis. They are excreted by the kidneys, but only 
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acids; part of the remainder are excrete 
ately the rest are excreted as sodium 5 
f this vital basic element from the }, 


ay 
alts, 
body, 


are excreted as 
Its, but unfortun 
ant drain o 


about half 


nonium sa 


aml ; 
a const 


resulting 10 


KIDNEY DISEASE 


There are three structures of the kidney which are SUSCeDtible 


he glomeruli, the tubules, and the blood vessels; and a 
kidney disease on this basis may be attempted, 
However, it is rare that only one of these structures is affected; 
what happens to one frequently affects the others as well, 

The disease in which the glomeruli are particularly involved js 
called glomerulo-nephritis, which may be acute or chronic, the 
first frequently leading to the second. It is often a sequel to such 
childhood infectious diseases as scarlet fever. Scarlet fever, because 
it rarely kills, is looked upon with contempt by many people, but 
it would gain respect if the damaged hearts and kidneys which it 
leaves in its wake could be seen. In glomerulo-nephritis, the 
glomeruli become clogged with exudate and cell debris, so that 
the blood no longer flows through them. Here a clearance test is 
useful: it will show that much smaller quantities of filtrate are 
being formed than normally. The glomeruli which are still open 
become permeable to protein and albuminuria becomes very 
marked. This, as we have previously seen, leads to edema. Clogging 
of the glomeruli prevents the blood from them from reaching the 
tubules with resultant damage. 

Diseases in which the tubules primarily are involved 
nephroses. They are usually caused by poisons of various kinds, 
such as mercury, bismuth, uranium, or carbolic acid. Some degree 
of tubular degeneration occurs, however, in such diseases 4° dia- 
betes, malaria, and pernicious anemia, and also in traumalle 
shock. 
PA ee aed osts of the kidney may occur, wiih 
the Diodrast method pai eaough the kidney’s blocs ye termi 
the blood flow throu te hen described, is used to @¢ 

A word should be ald t ag 
when incompatible i tere about what happens [0 

ood has been used in a transfusion. 


to disease 
classification of 


are called 


the kidney 
Hemol’ 
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ARTERIAL_ SS ae SS pail 
Tey ee eS SURROUNDING 
BLOOD CELLOPHANE 
TUBING 
TO VEIN id Sree 
PUMP 


ARTIFICIAL KIDNEY 


ysis of red cells occurs, of course, and the liberated hemoglobin 
circulates in the blood. In passing through the kidney, hemoglobin 
(although its molecular weight is 68,000) passes through the mem- 
brane into the tubules. If the amount is small, reabsorption occurs, 
but in the amounts present after an incompatible transfusion, the 
hemoglobin, in passing through the tubules, is precipitated. (It 
should be said that as the filtrate passes through the tubules, it be- 
comes more and more acid; it is this acid reaction which causes the 
hemoglobin to precipitate.) This blocks the tubules; they cease to 
function and finally perish. Patients who have received the wrong 
type of blood can often be saved by thoroughly alkalinizing the 
blood, which results in an alkaline filtrate and thus prevents 
Precipitation. 

In acute failure of the kidneys, waste products such as urea accu- 
mulate in the blood, eventually causing death. In such cases an 
artificial kidney is employed, such as the one represented ge 
The cellophane tubing through which the blood is paste + 
about the aaeneé properties as the blood capillary wall, an urea an 
Other substances—but not the plasma proteins—pass into the sur- 
rounding fluid. The same result may be achieved by filling the 
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abdominal cavity with fluid; urea then passes from all the 


; : F Ma 
abdominal organs into the fluid, which ts " 


capillaries of the then 


removed. 


THE URINE 

The urinary volume has already been given as 1-1.5 liters per 
day. From 40 to 65 per cent of all fluid taken into the body js 
eliminated as urine, the rest, by evaporation from the body sur. 
face, evaporation from the lungs, etc. When the loss of Water 
through evaporation or perspiration is increased, as in the sum- 
mer, the urine volume is reduced; if the water intake is increased, 
the volume of urine also increases. The combination of a warm, 
rainy day; increased liquid intake; and moist air that prevents 
evaporation from the skin results in greater frequency of urina- 
tion. 

The density of urine varies from 1.015 to 1.020; the pH averages 
about 6. In health the main components occur in the proportions 


listed. 


CHIEF CONSTITUENTS OF URINE 
(grams per liter) 


TG vccrandomon ses doe ye ane 25.0 
WHE AIG. 26 sn encreeorwew sas 0.4 
Ammonia .................... 0.6 
Sodium chloride .............. 12.5 
Sulfuric acid ............ caaas 
Phosphoricacid ... ........... 2.0 
Potassium chloride ............ 3.0 


One animal which has apparently solved the drinking problem 
is the kangaroo rat. It seems to get along very well on metabolic 
water, produced in the burning of food. Thus in burning glucose 
(CoH,20s + 6H:0— 6CO, + 6,0), each molecular weight of 
glucose burned yields six molecular weights of water; OT each il 
gm. glucose yields 6 times 18, or 108 gm. (or cc.) water. # i : 
entirely on dry feed, and some salt may even be added to an 
It must be taught to drink and will not do so voluntarily. 
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pRINE EXCRETION 

The kidneys produce urine continuously, though in oereater 
volume during the daytime than at night; in fact, if the volume 
night exceeds the daytime volume, Kidney disease m 
pected. (Obviously the rever 
workers.) 

The continuous flow of urine passes through the collecting 
tubules and into the renal pelvis. From there it is transported to 
the bladder by peristaltic waves which arise in the lower portion 
of the pelvis and sweep through the length of the ureter. Their 
frequency depends on the rate of urine formation: it is usually 
from one to five per minute. 

The entry of the ureters into the bladder is an oblique one, as 
the drawing shows. There is, in addition, a small flap of tissue 
overhanging their portal of entry. It is clear that as urine accumu- 
lates in the bladder and the pressure rises, the pressure cannot be 
transmitted upward through the ureter, since the greater the pres- 
sure, the more the ureter is squeezed shut, and the tighter the flap 
is pressed over the opening. It is possible, however, for more urine 
to be forced into the bladder, since the walls of the ureters are con- 
tinuous within the bladder wall, and peristalsis continues through 


at 


ay be sus- 
se would be true in the case of night 


URETER 


ENTRY OF URETER 


BLADDER WALL INTO BLADDER 


SPHINCTER 


THE BLADDER 
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them. After urination, the walls of the bladder are shrunk 
_ 


wrinkled. As urine enters, it gradually irons out the wrinkles 4% 
the bladder is “plump.” From then on, the control of the MI te 
adder 


is exercised entirely by the nervous system. 

Two reflexes represented in the accompanying drawing, are « 
volved in bladder control: (1) the storage reflex, which ae € in. 

vous ‘ Its th 

bladder to fill, and (2) the voiding reflex, which empties it, Ip ‘. 
first case, sensory nerves are stimulated and carry impulses ' e 
center lying in the spinal cord. Over the Sympathetic division a 
the nervous system, nerve impulses are sent out which cause a pro. 
gressive relavation of the bladder wall and, at the same time, con. 
traction of its sphincter. This relaxation of the bladder wall per. 
mits the storage of urine with little rise in the pressure and, conse. 
quently, without the person’s being aware that it is going on. The 
time comes, however, when the limit of relaxation of the bladder 
wall has been reached; the inflow of more urine results in mechan- 
ical stretching of bladder walls and a sharp increase in pressure, 

This evokes the voiding reflex, which is also carried out by the 
passage of sensory nerve impulses, this time to a different center 
within the cord, which sends out over the parasympathetic division 
nerve impulses to the bladder. In this case, the effect produced is 
contraction of the bladder wall and relaxation of the sphincter, 
resulting in the emptying of the bladder—involuntarily in the case 
of the unhousebroken. As the result of training, voluntary control 
is acquired over this second center, so that the reflex may be in- 
hibited and the urine retained until an appropriate time and place 


SPINAL CORD ~~ 
FLEX 


SPINAL CORD —— 
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peen reached for its expulsion. During this trainin 
frequently become impatient wi te chi oP wees 
cople red unp t with their children and with 
theit dogs: It should be pointed out that the demand being made 
is that of gaining voluntary control over an involuntary function 
It is almost like demanding that the child acquire voluntary sete 
rol over its heart rate or blood pressure. Considering the age at 
which it is expected of us, it has been called the most difficult 
thing we ever have to learn. The nervous elements involved be- 
Jong to the involuntary portion of the nervous system, so that to 
ain control over them is, in a sense, unphysiological. Many cases 
of enuresis (bed-wetting) are due to lack of patience by parents at 
this critical period. The treatment of enuresis is extremely diffi- 
cult, and psychiatrists, physiologists, and medical practitioners are 
frequently baffled. Among the methods prescribed have been seda- 
tives to promote sleep, withholding fluids after the evening meal, 
and special sheets that deliver a slight electric shock when mois- 
tened by the sleeper. As in the voluminous advice on “‘toilet-train- 
ing,” parents are told to be everything from firm to indifferent. 
However, unless there is some actual urinological shortcoming or 
disease, enuresis remains a problem of individual learning. 

In this connection, the much stronger control of the female over 
her bladder is a common observation. Anyone who has partici- 
pated in a mixed picnic will have noted how, upon arrival, the 
men scatter for the brush while the women, apparently in no dis- 
tress, busy themselves with unpacking the baskets. 


THE ENDOCRINE SYSTEN 


In describing the functions of the organ systems of the body it is 
convenient to treat them as separate units, as if they were unre. 
lated. We have discussed the heart, the stomach, the kidneys in 
different chapters, according to the main role played by each in 
the total working of the body. However, it has frequently proved 
necessary to give more than passing reference to the interactions of 
each organ system with the others, for the body is more than a 
heart and a digestive tract and pair of kidneys. It is many such 
things, interdependent and working together harmoniously, if all 
is well. 

There are two organ systems—the nervous system and the en- 
docrines—which coordinate and integrate the activities of all the 
others. When we reach the nervous system, we will find that almost 


nothing can happen to the body anywhere without arousing some 
appropriate response—motor or 


ie perceptual, voluntary or involun- 
tary. Similarly, P y 


each otherand Palo parts of the endocrine system act pes 
jobs. Thus, the th ee es stimulating them todo their ae 
bodily parts. The siren gland stimulates the metabolism of a! 

nal medulla mobilizes the activities of many 


this mass reaction ; an emergency; we have already described 
In the chapter on the circulatory system. And 
€s control over many body functions, 5° 


al . ; ‘cae amit 
the death of the animal results in failure of the functions ‘ 
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oye NATURE OF ENDOCRINE GLANDS 
The endocrine system consists of a number of sm 


variously located throughout the body, as the 
spoke of glands earlier in connection w 
5 


all glands, 
figure shows. We 
ith the digestive system 
salivary glands, gastric glands, etc.); these so-called “exocrine” 
slands empty, by means of ducts, into the body cavities. The en- 
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ds are ducetless, that is, they eEMPly their s¢ 
docrine glan saagniee called hormones—directly into the 
—chemical by * volus them to all parts of the body, Certa 
stream, which — roxin, influence all physiological 
mones, ego specifically on “target” organs which 
others ac 


other endocrine glands. 
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are often 


Defining an Endocrine Gland 

It has not always been easy physiology to determine the fune. 
tion of an endocrine gland or to know whether # given structure 
was, in fact, part of the endocrine system. Here, for instance, is 
mass of cells surrounded by connective tissue to form a visible struc. 
ture. Is it, perchance, a lymph node; is it a tumor; or is it an 
endocrine gland? Obviously, the first thing to do is to remove it, 
to see whether the animal suffers any effects from its removal, If 
he does not, you can be reasonably sure that, whatever else the 
structure was, it was not an endocrine gland. Hormones are there 
for a purpose, and when the source of one is eliminated, the ab. 
sence of the secretion is bound to make itself known. Thus, if you 
remove the adrenals, the lack of hormone makes itself known in 
the very obvious fact that the animal dies, 

If something does happen to the animal upon removal of the 
structure, the next logical thing to do is to prepare an extract of 
the structure to see whether the administration of this extract will 
overcome the effects of removal. This is logical since the endocrine 
glands are known to act by secreting hormones; the removal of the 
gland would mean that the source of the hormone had been with- 
drawn, and an extract made of the gland should contain the hor- 
mone. Then, in some cases at least, you could go still farther. If 
= nf oe were administered to normal nse 
shen he ahade them effects Opposite to those which hg 
the structure und s removed, this would be further evidence t ; 

Consideration was indeed an endocrine gland. 
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endocrine gland is not enough; what the clinician Wants js 

extract of sufficient purity and potency that it can be given an 
patients suffering from disorders of that gland, or, still bette to 
synthetic (artificially prepared) product. For instance, in the tans : 
Addison's disease, which is due to failure of the adrenal curing 7 
average patient derived little benefit from extracts, becatise 
amount stored in the adrenal is so little and the methods of pean. 


ration were so expensive that he frequently could not afford treat 


ment. 
With the appearance of synthetically prepared hormones, the 


problem was solved, since they could be manufactured much more 
cheaply. So, at this point, the biochemist takes over and attempts 
to obtain from the extract the active principle in pure crystalline 
form. With this material in hand, he attempts to work out the 
chemical structure of the compound and, when this has been done, 
attempts to synthesize it. Synthetic hormones are not always 
cheaper than the natural product. In the cases of thyroxin and 
adrenalin, the glands contain so much, and the method of prepa- 
ration is so simple that, although both have been synthesized, most 
of the preparations used in medicine come from actual glands. 
The members of the endocrine system are as follows: Thymus 
(?), pineal (?), thyroid, parathyroid, pancreas, adrenal medulla, 
adrenal cortex, posterior lobe of the pituitary, anterior lobe of 
the pituitary, ovaries, and testes. It will be noted that question 
marks have been placed after the thymus and the pineal. The rea- 
son for this is that there is almost no evidence to indicate that 
these are endocrine glands; however, they must be placed some- 
where, and it has been customary to include them with the endo- 
crine system. We will say a few words about them and then dismiss 


them. 


THE THYMUS 
s quite 


Located in the upper part of the thorax, the thymus is ; 
large in the young animal, occupying most of the uppe? third © 
the thorax, but as the animal grows, the gland atrophies. By #8 
time adulthood is reached, it is no more than a pair of small sre 
lying on either side of the trachea. Histologically, the thymus ail 
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not have the appearance of an endocrin 
and lymphoid tissue. However 
structures Called Hassal bodies, 
shaped cells, to which some asc 


e gland; it is mainly fat 
» It does contain certain unique 
which are small masses of onion- 
tibe a secretory function. 

About the only reason for considering the thymus an endocrine 


gland is the fact that occasionally it does not involute, and in such 
cases, the sex glands fail to develop. It is as if the th 


. ymus produced 
what one might call a sex- 


gland inhibitory hormone which, as long 
as the thymus remained large and functional, inhibited sex gland 


development; but with the atrophy of the thymus, this hormone 
was no longer secreted, and the sex glands were then permitted to 
develop. If this were true, removal of the thymus from young ani- 
mals should result in precocious sexual development. This experi- 
ment was performed many times without anything of the sort 
happening, in fact, without anything whatsoever happening. (This, 
of course, violates our first rule in deciding whether or not a given 
structure is an endocrine gland.) 


Here the matter rested until a noted endocrinologist, who shall be 
nameless, published the results of certain experiments which he had 
made on the thymus, which resulted in a re-birth of interest in this 
gland. He injected a thymus extract daily into young rats; when they 
grew up and reproduced, the babies were injected, and this was con- 
tinued for five generations. At the end of that time, he had rats which 
were precocious in every respect: they were larger at birth than were 
the controls; at the age of five days their eyes were open, whereas in 
ordinary rats the eyes do not open until the fifteenth day; their hair 
appeared earlier and grew more rapidly; they developed sexually much 
earlier in life, etc. . 

To the geneticist, these findings were even more surprising than Hr 
were to the physiologist. To the latter, it meant merely the vem 
existence of a hormone in the thymus, while to the former, it violate 
all that he had ever thought and taught concerning the “inheritance 
of acquired characteristics.”” Since injection over a number * genera 
tions was necessary, it indicated that each os ee a = 
quired” something from the previous one. he hg ait . oats bind 
nied that acquired characteristics can be inherited. . tai - = — 
cut off for many generations in various ee ee stu = 
following generations have always had tails. e i Ripe 
carrying out a similar “experiment” over many years, inc y; 


stem, 


It. 1 was thinking of circumcision, but on second 
same result. ©" ir-cutting? 
wd about shaving, and hair-c smc of the saying, “| 
NOW aevork, however, is an example of the i By Anteresting_; 
, we ’ H 2 b. B+ in 
His t- sone has ever succeeded in repeating his indings, and until jt b 
veri “judgment as to whether or not the thymus is an ¢ 
veriied, 


gland must be withheld. 


though, 


Ndocring 


THE PINEAL BODY 

What has just been said of the thymus can be repeated, almost 
word for word, for the pineal body. It is a tiny object lying deep 
in the groove between the cerebellum and the cerebral hem. 
spheres. Occasionally, a tumor developed in it, and the sex glands 
then appeared to develop precociously. However, the removal of 
the pineal, in animals, had no such effect; in fact, no visible change 


in their development occurred, 


The man mentioned above injected extracts of the pineal into a 
number of generations of animals. This time, he found them to be 
retarded, except for sexual development, which was hastened. But, 
again, no one has succeeded in repeating his work. Removal of the 
pineal from rats twenty-four hours old, letting them grow up, removing 
the pineal from their offsprings, also at the age of twenty-four hours, 
over many generations, produces rats in no respect different from their 
controls, 


Although thought by the ancients to be the seat of the soul, it 
is probable that the pineal is no more than an evolutionary vestige 
of the medial eye, an eye on the back of the head which evolved 
among certain of our reptilian ancestors. 


THE THYROID 


We noted in chapter 7 the embryologic origin of the thyroid 
a Pp da out of the mouth cavity. At that stage, the <i 
Satan 5 rine es emptying its secretion into the mouth: 
endocrine end. ‘’ppears and the thyroid then becomes 4” 
This probably re Om jas "ts secretion directly into the kien 
mouth; this is on. en why thyroxin can be effectively given y 
that an extract i rd ew other hormones. It is not even necessary 

Siven; desiccated thyroid, in the preparation of 


The Endocrine System 439 
which thyroid glands are extracted with e 
ried. and ground, is usually adequate, 
Fach lobe of the thyroid is Supplied by two arteries. The | | 
supply is very generous; in fact, the thyroid receives ‘tie hood 
r gram of weight than any other organ in the body. (I a 
adult, the thyroid weight about 25 gm. and receives fac 195 ‘ 
150 cc. of blood per minute.) It receives nerve fibers eae 
sympathetics, but it is thought that these only control the size of 
the arterioles and do not directly stimulate the gland to secrete. 


ther to remove the fat 
, 


Cannon performed a very ingenious experiment to determine wheth- 
er the sympathetics did or did not stimulate secretion. He cut a phrenic 
nerve in the neck and also cut the cervical sympathetic, then attached 
the head end of the cut phrenic to the head end of the sympathetic. 
After regeneration of the nerve had occurred, each burst of nerve im- 
pulses which the respiratory center sent down the phrenic was shunted 
upward over the sympathetic. As a test to see whether regeneration had 
occurred, the pupil of the eye was observed and was seen to dilate with 
each breath. (Sympathetic nerve impulses to the pupil of the eye pro- 
duce dilation of the pupil.) Although some of each burst of nerve 
impulses starting down the phrenic reached the thyroid gland, he 
found only a very slight increase in thyroid effects, which he ascribed 
to blood vessel changes. 


What it is that does stimulate secretion will be discussed later. 

Histologically, the thyroid consists of alveoli, spherical bodies 
lined with thyroid cells; the center is filled with a pink-staining 
jelly-like mass, the so-called colloid. It is thought to be stored 
thyroxin combined with a protein. As needed, the thyroxin leaves 


the colloid and enters the blood. 


Function a 

There can be no doubt that the thyroid is an endocrine gland. 
Removal results in many changes in the animal; “aipapreate 
of thyroxin overcomes such changes; effects opposite to those 
removal are produced by giving extracts of the gland to norma 
animals, Kendall first obtained crystalline thyroxin after having 
worked on literally tons of thyroid glands. The structural formula 
was worked out by Harrington, who later synthesized thyroxin. As 
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has been said, synthetic thyroxin is little more than a laborato, 
curiosity. Clinical thyroxin comes mostly from natural Sources. 

When an animal's thyroid is removed, many things happen 
but all are explainable on the basis of an extreme reduction » 
his ability to utilize food; in other words, his basal metabolic rate 
is greatly reduced. This is usually expressed as a reduction in his 
oxygen consumption, but, after all, the purpose of the Oxygen jg 
to burn food. If done to the young animal, the animal does not 
grow and fails to develop either mentally or sexually. 

As an example of the need of the young animal for thyroxin, the Nii 
of the tadpole should be mentioned. Tadpoles whose thyroids have 
been removed will grow slowly, but they will not metamorphose into 
frogs; on the other hand, tadpoles to whom excess thyroid is fed require 
only about twenty days before they undergo metamorphosis instead of 
the usual ninety to one hundred days. In this way, frogs as small as 
house flies may be produced. 


In the adult animal, bodily activity is decreased when the thy- 
roid is removed. Such animals are somnolent and tend to become 
fat and sluggish; the heart rate is reduced. All these effects are 
overcome by the administration of thyroxin. Given to normal ani- 
mals, thyroxin produces, as might be expected, the opposite re- 
sults; the basal metabolic rate may be increased as much as 100 
per cent; the animals are nervous; muscular tremors occur; they 
lose weight, and the heart rate is increased. 


Control of Secretion 

Thyroid secretion is controlled largely, but not entirely, by a 
hormone from the anterior lobe of the pituitary called thyrotropin, 
or “thyroid-stimulating hormone” (TSH). If the secretion of thyroxin 
by the thyroid is controlled by the secretion of TSH by the pitur 
tary, one is bound to ask, ‘‘What stimulates the pituitary to s¢ 
crete TSH?” 

We are here dealing with a homeostatic mechanism. There sho 
be a certain amount of thyroxin secreted; if there is, the bas4 


uld 


; ; ‘ ‘+ are 
metabolic rate is normal, and all processes depending on 1t 
normal, too. The anterior lobe is peculiarly sensitive i ri 

‘alls, 


amount of thyroxin circulating in the blood; if the amount 


THYROXIN ($1) TSH (4) 
MUTUAL CONTROL OF TSH AND THYROXIN 


the anterior lobe increases its ouput of TSH, which stimulates the 
thyroid to increased activity. If the amount of thvtoxin in the cir- 
culating blood rises, the opposite effect is produced: the output of 
TSH falls, and the thyroid, in turn, becomes less active. This 
mutual control is represented schematically above. 


In 7 both secretions are at normal levels. A deficiency of 
thyroxin in 2a results in an excess secretion of TSH, which 
stimulates thyroid, so that in 2b the two substances are again 
in equilibrium. The last two figures (3a and 36) show what 
happens when an excess of the thyroxin inhibits the anterior 
lobe (and hence TSH). In effect the thyroid turns itself off. 


While removal of the thyroid results in a fall of 50-60 per cent 
in the basal metabolic rate, removal of the anterior lobe results 
in a fall of only 30—40 per cent; it seems, therefore, that there must 
be an additional source of stimulation. What this may be is not 


known. 


Endemic Goiter . 
The word goiter is a generic term. It means, simply, enlarge- 


ment of the thyroid, and says nothing as to cause. However, in 


the common, or endemic, form 
common usage, the term refers to | : 


which is due to a deficiency of iodine in the diet. Iodine is an * 
sential part of the thyroxin molecule, and, in its total agian ren 
roxin cannot be formed. It is, however, only rarely comptete'y 
absent. The thyroxin level of the blood falls, stimulating Sa 
cretion of TSH. With continued deficiency of iodine, the | ate 
of the TSH is to cause a great enlargement of the thyroid glan 
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asing the number of cells (hyperplasia) and INCreasing the 
SOiter— 


vely, Tp 


by incre ba tal ial 
size of the cells (hypertrophy). Thy eniargement—the 
makes it possible to use the available iodine more effecti 
most cases, the BMR is only slightly reduced, if atall. 

That goiter might be due to a Geficlency of iodine in the diet 
was suspected for many years. In fact, Chapin first suggested iy Over 
a hundred years ago, noting that in regions where the incidence 
of goiter was high the amount of iodine in the soil and water Was 
low. In 1896 Bauman showed that the thyroid gland contained 
large amounts of iodine and in 1909 Marine found that trout, 
raised in iodine-free water, developed goiters which could easily 
be made to disappear by adding small amounts of iodine, Since 
then, the work of many investigators has substantiated this View, 
although there may be other factors, such as a high calcium intake, 
which contribute to the development of goiter. 

Goiter is not nearly so prevalent now as it once was. There are 
large areas in this country and in Europe which were formerly 
called “goiter belts.” In the United States, this belt included the 
states of Michigan, Illinois, Montana, and surrounding states, and 
in Europe, the term referred to Austria and Northern Italy. In 
these areas, hardly a person lived his whole life through without 
showing some enlargement of the thyroid, Even the animals were 
affected; I recall that hardly a dog showed up in the physiology 
department of the University of Chicago without a goiter, 


With the discovery that the cause was iodine deficiency, iodine salts 
were first added to the water supply. However, there is a form of thy: 
roid disease in which iodine is practically a poison, so it became practice 
to add iodine salts to table salt, lodized salt contains 0,01 per cent pobes 
sium iodide added to sodium chloride, 


One of the first studies was that of Marine, who gave approst 
mately 2,500 Akron school children iodized salt and another 2500 
none. He found 250 cases of goiter in the second group and only 
five in the first. Another factor responsible for the disappearance’ 
of goiter is the extensive development of refrigeration pro yar 
permitting the transport of sea foods, which contain a gre! dea 


‘ 
ri ine - ‘ cane 8d 
of iodine. In fact, ages ago, the Chinese cured goiter by etUns 
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weed—clever people, the Chinese! One can be sure that 
uct of the naling” industry will be an even reates ed 
tion in the incidence of goiter, since silver iodide is me " al 4 
seeding, and it all falls back onto the ground, — 
In spite of all this, however, the experience of Detroit shows 
that the use of iodized salt is stil] necessary. About every five a, 
the examination of school children there brings to light the fact 
that many youngsters are beginning to show enlargement of the 
thyroid, which means that parents are neglecting to use iodized 
salt in their homes. A big campaign follows, making use of bill- 
boards, newspapers, and other propaganda vehicles. The situation 


improves for a while, but in another five years or so, the program 
must be repeated. 


a by-prod- 


Cretinism and Myxedema 


Diseases of the thyroid in which its thyroxin output is reduced 
are called hypothyroidism. The results of such deficiency are 
much more severe in children, since children require thyroxin 
for growth and development. There appears to be a relationship 
between endemic goiter and cretinism, since cretins in the past 
were most frequently found in goiter belts. . 

The complete cretin is a pitiable object, as the drawing suggests. 
He has a very stupid look; his tongue and abdomen protrude; he 


 - 


= , 
he 


4 


ONAL CORRECTION OF CRETINISM 


444 The Endoctin, ¢ 


Sh, 


is fat, short, and stocky. He never reaches a mental 4 re ¢ 

than four or five years, nor does he develop sexually, Aj) ' Mor 
course, was before the days of thyroxin. Now, if the condi.” 6 
recognized early and treatment instituted, a normal chilq mM ig 
result. Early recognition is especially important in referen, val 
mental development, since the cells of the nervous system deve ) 
rapidly, and the alert child’s multiple experiences of early lear 
ing cannot be compensated in later life. n- 

Cretinism today is usually the result of congenital absence 
the thyroid. Such a child will appear normal at birth, since he he 
been the recipient of thyroxin through his mother’s blood, ts 
within a few weeks after birth the typical symptoms of Cretinism 
make their appearance. 

Myxedema is adult hypothyroidism. It is marked by sluggishness, 
both mental and physical, and a puffiness of the skin, showing 
itself especially in bags under the eyes. This puffiness is due to the 
deposition of protein in a thin, jelly-like form under the skin. Al] 
reflexes which go through the brain are slowed; mental processes 
are also retarded. Given a problem in mental arithmetic, the pa. 
tient will study over it for a long time, but, in the end, will come 
up with the right answer. The basal metabolism is frequently as 
low as minus forty or fifty. The heart rate is very slow, and the 
person always feels cold. Treatment of myxedema is the easiest 
thing in the world; one tablet of dessicated thyroid several times 


a week does the job perfectly. 


Hyperthyroidism 

The commonest type of hyperthyroidism is called exophthalmic 
goiter. Since this is the reverse of myxedema, the symptoms can be 
predicted: loss of weight, extreme nervousness, a fast heart, the 
patient is always hot, and the BMR may be as high as plus fifty o" 
sixty. Many times, the nervous system symptoms are very severe, 
and patients suffer from hallucinations and other psychotic manl- 
festations. 

The name given to the disease expresses the protrudin 
(exophthalmus) which gives a startled—and startling—aP 
as shown in the drawing. Ordinarily, one sees the white of th 


pearance 
e eye 
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EXOPHTHALMIC GOITER 


below and at the sides of the iris; in this disease, a white ring com- 
pletely surrounds the iris. Protrusion of the eyeballs never occurs 
in animals no matter how much thyroxin they are given, but it 
does occur if they are given the thyroid-stimulating hormone of 
the anterior lobe. It is therefore believed that exophthalmic goiter 
results from overstimulation of the thyroid by excessive secretion 
of TSH and is not directly a disease of the thyroid itself. 

Until recently, the only treatment of exophthalmic goiter was 
surgical removal of the entire thyroid gland. If only a portion were 
removed, the remainder would rapidly hypertrophy and the sym- 
toms reappear. Surgeons dreaded the operation, which was ex- 
tremely bloody; for another thing, the parathyroids had to be 
spared. Also the aftermath of the operation was often a tragedy 
that has never been satisfactorily explained. One would think that 
with the thyroid gone, every source of thyroxin would have been 
eliminated. Frequently, however, several hours or even days aie 
the operation, every symptom of hyperthyroidism, in gromly exag: 
gerated form, would develop. This was called the “post-surgical 
crisis,” and many such patients died. The introduction of the so- 


a 7 
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called thyroid-depressant (or goitrogenic) drugs came as 
boon to sufferers from this disease. 

The discovery of these drugs is interesting since it shows how a m: 
working in an unrelated field, may sometimes make A discover a 
important in another. McKenzie was not working In the field of endy 
crinology at all but was interested in antibiotics, At that time, the mule 
drugs were the chief antibiotics used in medicine; they have com re 
cated structures and their synthesis was not easy, He wondered whethe, 
simpler drugs—so long as they contained sulfur—might not have ant. 
biotic properties. He began with one of the simplest of all sulfur. 
containing organic compounds, thio-wrea. This is simply urea, with 4 
sulfur atom in place of the oxygen atom. 

As part of his study, he wished to determine any possible toxicity of 
the drug. Obviously, if it killed patients as well as the bacteria, the 
cause of medicine would not be greatly furthered, so he fed thio-urea 
in large doses to rabbits. After this had been going on for some time, 
he noticed that the rabbits were developing goiters. This called his 
attention to the thyroid, and he noted further that the animals were 
developing symptoms of hypothyroidism. They were fat, sluggish, and 
their basal metabolism was far below normal. It was clear that he had 
discovered a thyroid-depressant drug, and its use in the treatment of 
hyperthyroidism followed. 


4 grea 


It has since been replaced by other similar drugs, thio-wracil and 
propyl thio-uracil, but the principle remains the same, The action 
of these drugs is on the thyroid itself, acting on some stage of 
thyroxin formation, perhaps preventing the addition of iodine to 
the rest of the thyroxin molecule. We noted that, in the rabbit, 
it caused the formation of goiters; the same thing is true in the 
human. This is to be expected from what was said about the 
cause of goiter by iodine deficiency. As the secretion of the thyroid 
is reduced, the anterior lobe secretes more thyroid-stimulating 
tet which, as before, produces an overgrowth of the thyroid 
gland. 


PBI Determination 


Until recently, the determination of the BMR was the sole ts! 
of thyroid function. Within the past several years, another aa 
has been developed—determination of the “plasma-bound ae 
(PBI). This is really thyroxin iodine, and it is, therefore, 4" ex 


The Endocrine System AA] 


jent measure of thyroid activity, In the normal person, the 
amount of PBI is 6 »gm. (micrograms). In exophthalmic goiter. | 
averages 12 pgm., and in myxedema, | pgm. per 100 ce ot bien ry 
the exact amount varying with the severity of the dian Ie fe 
strictly a biochemical method, and all hospital laboratories are 
not yet able to make the determination; however, it appears to be 
at least a good way of checking the BMR and may, in time, replace 
the latter. 


AVET age 


Radiotherapy of Cancer 


Before leaving the thyroid, a word may be said about carcinoma 
of the thyroid and its treatment with radioactive iodine. The thy- 
roid requires iodine for the manufacture of thyroxin. If a person 
is deprived of iodine for a few days and then injected with it, 
practically all of the injected iodine is taken up by the thyroid 
gland. This happens whether the iodine is radioactive or not. So 
here we have a sure way of bringing a radioactive element into 
intimate contact with a cancer, if the thyroid is cancerous. No one 
denies this, nor that the results of its use have been excellent. 
However, radioactive iodine’s being effective against carcinoma 
of the thyroid is no guarantee that the same attack will be effective 
against cancer in general. The case of the thyroid and iodine is 
unique. Nowhere else in the body is a specific element so avidly 
taken up and stored by a specific structure. The lungs do not 
specifically accumulate radioactive carbon; if they did, carcinoma 


of the lungs could be attacked by breathing carbon dioxide con- 


taining radioactive carbon. The stomach does not specifically store 


radioactive chlorine—or there would be a treatment for carcinoma 
of the stomach by hydrochloric acid containing radioactive chlo- 
rine. No, let us not kid ourselves. When you read the statement— 
as you frequently will—that the treatment of carcinoma of the 
thyroid by radioactive iodine is merely a forerunner of what will 
be done for cancer in general through the use of radioactive iso- 
topes, write it down as undue optimism, at best. When all is said 
and done, radioactive iodine was known and could be made in 


cyclotrons, long before the advent of the atomic pile. 


= Sara ~"3OCring ec 
Ss then 


THE pARATHYROIDS 
an, there are usually four tiny masses of cells 


h sid hin the thyroid gland. These are the pi 
each SI 


roids. They hyroig 


th the ply 
extends benea ' PPly, 5 
that it is possible to remove the thyroid and leave at least the 


upper parathyroids intact. In many EES, such as the ray and 
the rabbit, there is a good deal of accessory parathyroid tissue 
extending along the trachea, sometimes even into the thorax: such 
animals rarely develop tetany following removal of the parathy. 
roids. 

The function of the parathyroids was discovered almost acc}. 
dentally when it was found that many patients after thyroidectomy 
developed tetany. We have earlier described the effect of removal 
of the parathyroids in the dog (p. 50) and noted that the 
actual effect was to diminish the calcium level in the blood plasma 
from a normal of 10 mg. per 100 cc. to about half that. Exactly the 
same result occured in the human when, inadvertently, his para- 
thyroids were removed along with his thyroid gland. 

The function of the parathyroids is to maintain the calcium level 
in the blood at the normal level. Just how they do this is not cer- 
tain, but one effect of the administration of parathormone (the hor- 
mone of the parathyroids) is to greatly increase the number of 
osteoclasts. These, it will be remembered, are the cells which de- 
stroy bone; it seems, therefore, that parathormone is able, should 
the blood calcium level fall, to add calcium from bones to the 
blood, 

The secretion of parathormone is, so far as is known, controlled 
per a id the level of calcium in the blood (another 0 
the mother’s ish tort os age Poy come : de- 
tans of the h “4 nie of calcium may fall because of ly 
their activity—is E cath “ af the pArACayY oids—and, Pp : rickets 
Where, due to failure ot port bon “ ee r level of 
calcium also tends to fall 4 clum absorption, the mee Jcium is 

- On the other hand, if much ca!¢ 


taken in t ‘ . 
parath a ciet, the blood level tends to rise, and the size of th 
yroids decreases accordingly 
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ordinarily, the parathyroids are well-beh 
ihyroidism is rare. There are, however, 
which—whether the parathyroids are re 
calcium is low. Infantile tetany is not 1 


tetany, but is marked by muscular twitchings and spasms. There 
is also a tropical disease called sprue with similar symptoms, where 
absorption of calcium from the intestine is decreased. In all of 
these conditions, hormone therapy is indicated. 


There have always been certain drawb 
For one thing, it did not keep well even t 
had to be injected, since it is probably 
destroyed by the digestive enzymes if t 
seems to acquire a resistance to it, so 
constantly. Therefore, 
substitute seems worth 
related as it is to calci 
substitute for parathor 
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aved, and hypopara- 
a number of conditions in 


sponsible or not—the blood 
Incommon; this is not true 


acks to giving parathormone. 
hough refrigerated; second, it 
a small-molecule protein and is 
aken by mouth; third, the body 
that the dose must be increased 
the discovery by Albright of a very satisfactory 
mentioning. He wondered whether vitamin D, 
um metabolism in bone formation, might be a 
mone. It was, but only in extremely large doses. 
So he consulted the original literature by Steenbock and Hess and 
found that they had obtained a number of products from the irradia- 
tion of ergosterol other than vitamin D by varying the time of irra- 
diation and the wave length of the ultraviolet light. He repeated their 
work, testing all the compounds he obtained for parathormone activity, 
and he finally found one, namely, dihydrotachysterol. This clumsy 
name he soon abbreviated to A.T. 10 (“A.T.” because it was anti-tetanic 
and “10” because it was the tenth compound investigated). A.T. 10 has 
almost completely replaced parathormone in the treatment of infantile 
tetany and sprue. It is superior in every respect; it keeps well, is active 
Y Mouth, and the body does not acquire any resistance to it. 


The condition of a low calcium level in the blood, such as 
°ccurs in the diseases mentioned, is called hypocalcemia. The op- 
Posite condition, hypercalcemia, also occurs. This happens when 
there is a tumor of the parathyroids; the cells of the tumor are 
Active parathyroid cells, and the secretion of parathormone is = 
“reased. Just as a decreased secretion results in a fall in blood cal- 
Cum, so an increased secretion tends to produce a rise; the excess 
Calcium is, however, eliminated by the kidneys end through the 
intestine, This means a constant drain on the body s calcium re- 
‘eves, which are, of course, the bones. As was mentioned, para- 
thormone increases the activity of the osteoclasts; the bones be- 
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weak and fragile; such people suffer fractures of the bone, 
won uently; a mere bump against the corner of a thisis : 
= s uiidanh The disease is called osteitis fibrosa, Treatmen, 
ane of surgical removal of the tumor. Sometimes, following 
removal, the blood calcium falls below normal levels, and the 
patient may even go into tetany; here administration of A:T. 16 


for a few days or weeks is indicated, until the blood calcium re. 


turns to normal. 


THE PANCREAS 

The endocrine function of the pancreas has been adequately 
discussed in chapter 12 in connection with the oxidation of glucose 
and need only be briefly reviewed. Scattered throughout the pan- 
creas are the islets of Langerhans, which collectively form an en. 
docrine gland. Their secretion, insulin, is essential for proper 
carbohydrate and fat metabolism, and the disease which occurs 
when their secretion is deficient is diabetes. According to one view, 
insulin is necessary for the burning of glucose, and, because glu- 
cose is not being burned, fat-burning is defective as well. Four- 
carbon fragments, the ketone bodies, accumulate, and, in one way 
or another, produce harmful effects. 

According to another view, the function of insulin is to inhibit 
gluconeogenesis by the liver; when insulin is deficient, the liver 
floods the blood with glucose, mainly from the conversion of fats, 
and, again, ketone bodies are left behind. The treatment of dia- 
betes is by limiting the caloric intake, and by the use of insulin. 
Many people contributed to the discovery of insulin, as described 
in chapter 12, but the final credit goes to Banting and Best. 

It is thought that the failure of the islets to secrete insulin is 
os cha oo ae) Mir been overworked. Since the aie 
by overeating catered «| =i » titi a a te 
the islet cells wets ines igh blood sugar levels and, in resp 

orked and, eventually, failed. 


THE ADRENAL MEDULLA 
Much has alread 


hormone i been said about the adrenal medulla and - 


is ; n 
We have seen that adrenalin is produced 
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times of excitement or stress and accomplishes many things, all 
gs, a 


for the purpose of rendering the animal better able to survive 
One of the hottest arguments in the whole history of physiolo 
was carried on for many years between the school of Satouee 
which held that the secretion of adrenalin occurred only during 
times of stress, and the school led by Stewart and Rogoff, which 
held that the secretion of adrenalin was a continuous process. In 
view of the fact that nerve impulses are constantly flowing out 
over sympathetc fibers (e.g., arterioles are continuously held in a 
state of partial constriction), and the fact that the adrenal medulla 
does receive sympathetic fibers, a continuous secretion of adrena- 
lin seems likely. However, the amount appears to be so small that 
it can be disregarded. Thus, animals with their adrenal medullas 
removed live perfectly normal lives, so long as they are protected 
from stressful situations. 

What is the value of the “emergency reaction” to human beings? 
Usually our ‘‘emergencies” come and go suddenly; your car and 
another car almost, but not quite, crash into each other on the 
highway; if you pulled to the side of the road and felt your pulse, 
it would be rapid; if you had a sphygmomanometer and took your 
blood pressure, it would be elevated; and everyone has experi- 
enced the tingling at the back of the neck where hair—no longer 
there—is being elevated. The emergency reaction is taking place, 
all right, but it is a little late. - 

In athletic contests, however, where excitement and competition 
are part of the picture, the individual does get the benefits of the 
reaction. One has only to compare the sUpeMmunian efforts some- 
times expended in stressful situations with the easy fatigability 
when the work is dull or monotonous to realize how much differ- 

i make. 
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Actions of Adrenalin 


The actions of adrenalin in the body may be bes ; 
m. 


marized: (1) increased strength “an rate ws _ heart beat, (2) Wide. 
spread constriction of arterioles, and mien a general rise jn the 
blood pressure, (3) dilatation of the coronary arterioles, (4) con 
traction of the spleen, (5) relaxation of bronchioles, (6) glyco, 
genolysis in the liver and relaxation of the hepatic sphincter, (1 
decreased activity of digestive peristalsis plus contraction of the 
sphincters, (8) relaxation of the bladder wall and contraction of 
the sphincter (effects 7 and 8 in the excited animal are frequently 
reversed because of parasympathetic predominance), (9) contrac. 
tion of the erector pili muscles and elevation of the hair, ( 10) dila. 
tion of the pupil of the eye, (11) more rapid coagulation of the 
blood, and (12) increased oxygen consumption by the brain. 


Embryology of the Medulla 


Since all these effects also result from sympathetic nerve stimu- 
lation, one might ask why it is that a hormone—a chemical sub- 
stance—so closely duplicates the action of nerve impulses. This is 
explained by the embryologic development of the adrenal medulla. 
Primitive nerve cells wander out from the neural tube to become 
the sympathetic ganglia. These form chains on either side of the 
vertebral column. The lower two ganglia fuse and change their 
by secretion alte ai glandular; henceforth, they accomplish 
Mission of nerve iene ae sat as eke ti es 
which is later over Pulses. They become the adrenal me _— 
the cells of the adrenal vs the developing adrenal cortex. 51” 
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jn minor surgery, such as tooth extraction, adrenalin ; i 

“cal effect of constricting blood vessels. Added to fas mi om 2 
ne anesthetic, it accomplishes two things: by cuttin of th Hla 1 
“ae through the region, it gives the novocaine time ‘ie 
as being immediately carried away by the blood; and cde oe 
amount of hemorrhage when the tooth is pulled. a“ 
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Although adrenalin has been synthesized, the amount stored in 
the medulla is so large, and the method of extraction so simple, 
that all adrenalin used clinically comes from natural sources. 

Recently, it has been found that such extracts really contain 
iwo hormones, adrenalin and noradrenalin, the first acting mainly 
on the heart, the second on the blood vessels; other effects are ap- 
parently due to combinations of the two. However, since the 
adrenals secrete both. and both enter the blood, the distinction is 
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ressure and blood sugar can be 
ing such extracts to intact ani- 
e adrenal cortex is an endocrine 


animals. In many cases, the blood p 
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mals. So we may be certain that th 
gland. 


Hormones of the Cortex 


It will be noted that the symptoms listed affect various organs 
and organ systems in the animal’s body. The question of multi- 
plicity of hormones then arises: Is there a separate hormone con- 
trolling each function, or is there only one which affects them all? 
In attempting to crystallize hormones from the crude extract, 
many chemical maneuvers are applied, and it is quite conceivable 
that some hormones are broken down into fractions, or otherwise 
altered. Some thirty-eight separate crystalline compounds have 
been obtained from such crude extracts, but apparently only six 
are biologically active. On the other hand, of these that are active, 
different ones have different effects. For instance, one which acts to 
restore the blood sugar to normal may have no effect on the kid- 
neys, and vice versa. The known hormones of the adrenal cortex 
may be classified into three groups: 

The glucocorticoids.—These all act on the metabolism of foods, 
and their effect on the adrenalectomized animal is to restore the 
blood sugar to normal. Just how they act is not known with cer- 
tainty. They do, apparently, stimulate gluconeogenesis, especially 
the formation of glucose from amino acids, but whether this is due 
to a direct action on the liver, or whether it is because a greater 
supply of amino acids is furnished to the liver is not known. In 
Addison’s disease, where the adrenal cortex is defective, muscle, 
and other tissue proteins are not manufactured by the body, and 
the patient becomes very thin (fat deposition is affected as well). 
Hydrocortisone is the chief glucocorticoid secreted by the adrenal 
cortex: cortisone is secreted in much smaller amounts. However, 
cortisone is more readily synthesized and is widely used in medi- 
cine. . 

The mineralocorticoids.—From the standpoint of survival of the 
adrenalectomized animal, this group is of the greatest importance, 
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administration restores the animal to an almost normal 
act to restore normal kidney function in re. 
assium chloride, we are justified (as Way 

ee Kiathaasl at death of the untreated, adrenaleere. 
a ee sinaseenthlan in kidney function, The 
ee pressure is undoubtedly ag ie oe urinary 
output of sodium chloride—water 1s lost aonig with the salt; the 
blood volume is thereby reduced; the cardiac output Is reduced, 
and so the blood pressure falls. The action of the mineralocorti. 
coids is to stimulate the cells of the convoluted tubules to increase 
their reabsorption of sodium chloride, thus preventing its escape 
while permitting potassium to escape in a normal manner. 

Far and away the most important of the mineralocorticoids is 
aldosterone, which was crystallized as recently as 1954 by Simpson 
and his associates. After all previous crystallization attempts, there 
had always been left over what was called the “amorphous frac: 
tion;” although it was known to contain a great deal of activity, 
no one had previously been able to obtain crystals from it. It has 
not yet been synthesized, but undoubtedly soon will be. The other 
mineralocorticoid is desoxycorticosterone, which, in the form of 
its acetate, is widely used in the treatment of Addison’s disease. 

Sex hormones.—Both male and female sex hormones are se- 
creted by the adrenal cortex, the male hormone predominantly. 
This may also be explained on the basis of embryological develop- 
ment. The adrenal cortex and the sex glands begin their embryo- 
logic development side by side, in two adjacent portions of the 
genital ridge. It would not be difficult for cells to migrate from the 
sex glands to the adrenal cortex; but why the cells which migrate 
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Tumors of the adrenal cortex, consisting of cells which secrete 
male sex hormone, sometimes occur. In the young boy, this leads 
Neo hn Cevelopmentt as well as early growth of hair 
that is, growth of hate n ra female, it leads to masculinization: 
the circus js such an a the chest and face (the “bearded lady . 
masculine muscu] endocrine abnormality), deep bass voice, an 

scular development, Female characteristics such as 


The Endocrine System 457 


are suppressed. This con- 
me and is corrected by 


breast development, menstruation, etc., 


dition is called the adrenogenital syndro _ 
moving the tumor. 


Control of Secretion 
It seems strange that the secretion of the 


trolled in two quite different ways. Glucocorticoid and sex gland 
secretion are controlled by a hormone from the anterior lobe of 
the pituitary. This hormone is called the adrenoc 
mone, abbreviated to ACTH. Jis secretion 
the level of glucocorticoids in the blood: 


secretion of ACTH by the anterior lobe is increased, thereby 
stimulating the adrenal cortex to increase its secretion of gluco- 
corticoids. When the level of glucocorticoids in the blood rises, the 
output of ACTH is depressed. (This mechanism is entirely remi- 
niscent of the control of thyroid secretion by TSH.) 

That the sex hormone secretion is also controlled by ACTH is 
more difficult to prove; however, the good results achieved by 
treating certain cases of the adrenogenital syndrome by injection 
of glucocorticoids argues in favor of the theory. By raising the level 
of glucocorticoids in the blood, the secretion of ACTH is reduced, 
and so the stimulus to sex hormone secretion is apparently reduced 
as well. 

Mineralocorticoids, on the other hand, do not seem to depend 
on the anterior lobe at all; the anterior lobe can be removed, and 
there is no increased output of sodium chloride by the kidney. 
(There certainly should be if the secretion of mineralocorticoids 
depended on ACTH, for with no ACTH there should be no 
Mineralocorticoids secreted, and without them, the reabsorption 
of sodium chloride would not occur, and the amount of sodium 
chloride in the urine should be increased.) Lacking a better (or 
More complicated) explanation, it seems that the secretion of 
Mineralocorticoids depends on the level of sodium chloride in the 
blood; when it rises, the output of mineralocorticoids falls; there 
is then less stimulation of the tubules to reabsorb sodium chloride, 
and more is permitted to escape in the urine. When the sodium 
chloride level in the blood falls, more mineralocorticoids are se- 
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Medical Value 

A few years ago, hundreds of thousands of patients with arthritis were 
electrified by the report that the glucocorticoids, such as COrlisone, were 
extremely effective in treating this disease. And it is true that the 
needed help. Arthritis is one of the most common, most painful, and 
most crippling of all human diseases; and up to this time, no one had 
done very much about it. Millions of dollars were being spent on re. 
search in cancer, in polio, etc., but hardly a dime for arthritis. There. 
fore, this news was, indeed, gratefully received. Unfortunately the 
corticoids and ACTH have not lived up to the great expectations orig. 
inally held for them, but it is true that thousands of cases have been 
relieved from pain, that joints which had not been moved for years 
were moved, and that men took up their beds and walked, so to speak. 
Cortisone was used at first, followed by the use of ACTH, which, as 
we have seen, stimulates the secretion of glucocorticoids by the adrenal 
itself. 

Rheumatoid arthritis (the type most aided by these treatments) is a 
collagen disease; there is an excess or abnormality of collagen forma- 
tion in the joints by the fibroblasts of the connective tissue. Cortisone 
inhibits collagen formation; hence the relief it brings the patient. 


Unfortunately, though, there are some very undesirable side 
effects. As we have seen, cortisone suppresses the output of ACTH. 
This means that the patient’s own adrenals do not receive their 
necessary stimulation and may atrophy as a result. Also, cortisone 
suppresses collagen formation elsewhere in the body besides the 
joints. In tuberculosis, for instance, the capsule surrounding a 
focus of tubercle bacilli is composed of collagen; giving cortisone 
or ACTH weakens the capsule and may permit bacilli to escape 
from it. In fact, any healing process in the body involves the laying 
down of connective tissue composed of collagen, which means that 
any healing process is inhibited by glucocorticoids. Ulcer is an 
other good example; no healing at all occurs if corticoids aré 
given, 

Further, although at first when corticoids are given, the antr 
body content of the blood rises—due to an initial breakdown of 
lymphocytes—later the lymphocytes grow only slowly, and there 15 
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chen a fall in the number of antibodies present. This means th 
he person's resistance to many infectious diseases, cetane ghia 
he had formerly been immune, is weakened or my Finally, al 
though this applies only to ACTH, we have seen that it sslnanslatee 
not only the secretion of corticoids, but of sex hormones as well: 
and many a woman patient has had to give up ACTH treatments 
for arthritis as she saw the hair growing on her face and chest, her 
voice becoming coarse; in short, as she became masculinized. 


Stress 


That the adrenal cortex is intimately involved in combatting 
stress cannot be doubted. By stress we do not mean emergencies, 
but any unfavorable condition which might confront the body— 
such things as disease, injury, heat, cold, etc. The adrenalecto- 
mized animal succumbs to stresses that would leave his intact 
brother unaffected. He cannot stand cold or heat; toxins in small 
doses kill him; he is subject to disease; he is, in fact, a weakened 
animal. The infliction of a stressful situation upon the normal 
animal in some manner produces a liberation of cortical hormones 
which act to protect and strengthen him. The mechanism which 
results in the liberation of such hormones is not completely known. 
It may be adrenalin; at least in the animal whose adrenal medulla 
has been removed (leaving his cortex intact) the reaction to stress 


is feeble. Assuming that adrenalin is involved, it acts either direct- 
: 5D 


ly or indirectly upon the anterior lobe of the pituitary, stimulating 


it to secrete ACTH, which in turn stimulates the secretion of corti- 
coids by the adrenal cortex. But the stress may be prolonged, . 
long that the adrenal becomes exhausted, and then the anima 


dies. . 
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ase.—The stress may continue so long, howe 
’ Ver, 


that the adrenals become exhausted; the raw materials are depleted 

the gland becomes smaller in size, and hemorrhage into them occurs. 

and, of course, the secretion of corticoids ceases. % 
, 


(3) The exhaustion ph 


hings the corticoids could do in combattin 
be specific. We have discussed irennat 
shock (certainly a very severe type of stress) and indicated that the 
shocked animal undergoes many physiologic distresses. It is wel] 
known that an adrenalectomized animal will not survive a given 
degree of traumatic shock for nearly as long a time as will the in. 
tact animal, and further, that the administration of corticoids will 
prolong the shocked animal’s survival by a considerable length of 
time. This is an example of how the adrenals combat stress, with- 
out attempting to be specific as to exactly how they do it. It could 
be that in trauma and in certain diseases, cellular degeneration 
occurs, yielding toxic products against which the body is protected 
by the cortical hormones. Many such theories have been evolved, 
but it is scarcely necessary in this book to consider them. 

That the exhaustion phase of the general adaptation syndrome 
should be responsible for all, or many, deaths from disease, is, 
however, hardly acceptable. Many deaths come quickly, even in 
chronic disease; and such a sudden failure of the adrenal seems 
unlikely. Selye’s belief, however, that overwork, overindulgence, 
excessive fatigue, etc., are “stressful” situations and so should be 
avoided, appears perfectly sound, regardless of whether the adrenals 


There are many ¢ 
stress, but it is difficult to 


are involved or not. 


THE PITUITARY (HYPOPHYSIS) 
how 


We have seen how the pituitary develops embryologically, 
the posterior lobe is formed by a down-growth from the brain, and 
the anterior lobe by an up-growth from the mouth cavity. The 
posterior lobe remains connected to the brain by means of the pitt: 
itary stalk, through which, as we have seen in the case of pitressi™ 
nerve impulses travel from the hypothalamus. The anterior lobe, 
so far as is known, receives no nerve fibers of any kind, and its asl 
trol must then depend on the presence of substances in the blood 
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In spite of all this, there appears to be a 
can exercise a fairly direct control over 
plood vessels to the hypothalamus break 
ing passed through these capillaries, the blood is gathered togeth 

into small veins, and these veins pass downward and aes “ani 
another set of capillaries in the anteroir lobe. This is called the 
hypothalamic-hypophyseal portal system. (“Hypophysis” is merely 
another name for pituitary.) Now then, if the cells of the hypo- 
thalamus were capable of secreting anything—and there is every 
reason to think that they are—the substance secreted would flow 
into the anterior lobe in a highly concentrated form, not having 
been diluted by the blood of the general circulation. This secre- 
tion is called a neurosecretion, that is, a secretion by neurons.’ We 
will return to this point later, but let us assume that the “stress” 
considered in the last few paragraphs was accompanied by some 
violent emotion, such as fear, anxiety, etc. These emotions, we 
know, center in the hypothalamus. If, under the influence of these 
emotions, the hypothalamus were stimulated to produce its neuro- 
secretion, and if this were carried directly by way of the hypotha- 
lamic-hypophyseal portal system to the anterior lobe, it might well 
cause the secretion of ACTH by that gland. This is more than an 
outside possibility; many physiologists are sold on it; in any case, 
it does suggest a means whereby the output of the anterior lobe 
may be controlled by happenings within the central nervous sys- 


tem. 
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Pitocin and Pitressin 

There has been some question as to whether the posterior lobe 
is really an endocrine gland; its histologic appearance would not 
give that impression. However, two substances having — 
Physiologic effects can be extracted from it. Some believe that ‘ : 
“pars intermedia” which arises from the mouth cavity along wit 
the anterior lobe, is the actual source of these hormones, and that 
they are merely stored in the posterior lobe. However, we will 
follow the example set by most physiologists and refer to them as 


Posterior lobe hormones. 


There are two of them, pitocin and pitressin. One function of 
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ressin has been described, namely, th 


ion by the cells of the loop of He 


tubule, and, an aS absence, diabetes insipidus results. This j 
ably the most important function of Pitressin, alth - This is prob. 
- ted it causes a rise in the blood pressu 1, although when in- 
ec re which is slower but last 
longer than that caused by adrenalin. Its use in medicine for th 5 
: : : ine for this 
purpose 1s restricted by the fact that it also causes constriction of 
the coronary arterioles—which adrenalin does not—and for this 
reason it is rarely used. This is probably a “drug” action more 
thing else, and it is unlikely that j . 
than any lood ‘ ely that in the body pitressin 
affects the bloo pressure very much. At least, cutting the pituitary 
stalk, which abolishes posterior lobe secretion, has no effect on the 
blood pressure. Pitressin is used clinically in treating “gas pains,” 
following surgery, especially surgery in the abdominal region. 
Many times, due to loss of tonus in the intestine, gas accumulates 
and causes pain. Pitressin acts to restore the tonus and to increase 
intestinal motility, and the gas is expelled. 

Pitocin seems to act almost specifically on the uterus, causing 
powerful contractions of this organ. At one time, pitocin was wide- 
ly used during labor, to aid the woman in expelling the fetus. 
However, its action is not reliable, and serious accidents have 
occurred; sometimes the contraction was so powerful as to rupture 
the uterus or crush the baby. It is still used to combat postpartum 
hemorrhage. Following expulsion of the fetus and the placenta, 
there is always some bleeding, but should the bleeding be too 
severe, pitocin, by contracting the uterus and squeezing the blood 
vessels shut, will reduce the hemorrhage. ~% 

The control of posterior lobe secretion 1s apparently only ; 
Way of nerve impulses which originate in the hypothalamus ae 
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f the kidney to reabsorb a lot of water), the stalk 
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solid black mass; if much water is taken, and th 
as " . wt on € 
from the hypothalamus to the poster lor lobe is Weak, the 
ai is fr 3 vans | 
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, f these two hormones 1s especially Important, but thei; 
Neither © pitocin in 1953 and pitressin in 1955 


' ioneaud 
synthesis by du Vigneaud ( in the history of biochemistry, Both 


milestone | 
marked a tremendous : — egnat 
e polypeptides, small protein molecules with molecular weights of 
ar 


und 1,000. Theirs was the first synthesis of protein hormones, (For 
aro ’ . sed r 

oes years people believed that the synthesis of protein hormones lay 
a ay in the future that no living person could ever hope to see the 


day.) 
ACTH is also a protein hormone, and, although its molecular 
weight is much more than 1,000, recent work indicates that it can 
be broken up into active fragments, the molecular weight of each 
fragment being only 3,000. Insulin itself, with a molecular weight 
of 48,000, can be split into four identical active fragments, each 
with a weight of 12,000. Now, if a protein with a molecular weight 
of 1,000 can be synthesized, it seems reasonable to suppose that 
others with weights of 3,000-12,000 will also be synthesized in the 
near future. 

Another reason why the synthesis of hormones is so important is 
because the time is coming—and quite rapidly, some predict— 
when hormones from natural sources, i.e., from cows, pigs, and 
sheep, will no longer be available because there are no cows, pigs: 
and sheep. We are told that the population of the United States, 
by the year 2050—less than a hundred years from now—will be 600 
million people. This will mean a tremendous demand for food, 
with less space in which to raise it. People will be eating algae, 
at ti a ’ many delicious flavors, but they ral ~ 
lion ealeetes in a » as calculated, it takes 17 acres to raise a 
lion calories in sh ai Set el only 0.15 acres to raise ® pad 
have? And chien pena sciaptoiie eng oe ingullt 
Without the cow’s pituitar a. 

y,no ACTH. 
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At one time it was believed that the 


tary was essential for life on the very so 
from which it w 
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und evidence th 
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as removed invariably died, 


This apparently logical assumption w 
a new operative approach was discove 
proach had always been from above; t 
ersed before the pituitary was appro 

roach is from below; the pharynx is 
drilled through the sphenoid bone ( 
serted through the hole; suction is ap 
When done in this way, the animal 
him—as listed below 


as proved to be an error when 
red. Up to this time, the ap- 
he whole brain had to be trav- 
ached. Now, however, the ap- 
pushed to one side and a hole is 
hard palate). Then a tube is in- 
plied, and the pituitary slides out. 
lives; many things go wrong with 
—but with good care he can live indefinitely. 
Among the things that go wrong, if the operation is performed 
on a young animal, he ceases to grow, and his sex glands do not 
develop. If done to an adult, the thyroid becomes smaller and 
secretes less thyroxin; the basal metabolic rate therefore falls. The 
adrenal cortex becomes atrophic, and its secretion of glucosteroids 
and sex hormones diminishes greatly. The blood sugar level, of 
course, falls. Finally, the sex glands atrophy and become function- 
less. So we again confront the question of how many hormones the 
anterior lobe produces. Histologic examination of the anterior 
lobe reveals three types of cells, but it is thought that only two =e 
secretory: the acidophils, whose granules stain with acid stains; and 
the basophils, whose granules stain with basic stains. The _— 
type, the chromophobes, are thought to be simply the precursors = 
the other two types. Either each of the cell types produces renal 
hormones, or, in attempting to obtain ta. spp eeedigionl ites seine 
line preparations, biochemists may break a large eae —_ 
into several smaller ones. This seems likely, since all the a s 
of the anterior lobe are proteins, that 1s, large molecules. _ 
twenty-five to thirty different hormones rai anf “see we will 
other, been described as originating = vi pea : t blished 
only consider the six for which cy ane aia ee ‘said if the 
1. The growth, or somatotrophic, hormone.— s was Si ; 
; ; ed from a young animal, that animal ceases 
anterior lobe is remov -toction of an extract containing the 
to grow; contrariwise, the Injectio 
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sues of the body, but once ms jel ape —— hres long bones 
have closed, an increase in the length Gr ¢ 7 ones and legs is no 
longer possible. They can, and do, grow amt Che — 

In the human, dwarfism of ewes ongin occurs; these dwarfs 
result from the failure of the pituitary to secrete growth hormones 
only—the secretion of other hormones proceeds Normally, Such 
dwarfs, in contrast to cretins, are perfectly developed and are men. 
tally and sexually normal. All they lack is size. Tt has Proven pos. 
sible to treat such dwarfs quite successfully with injections of the 
growth hormone; when such injections are started early enough, 
several inches of growth per year may be attained. 

Giantism results from the oversecretion of growth hormone in 
youth, while the bones are still able to elongate; many basketball 
centers and circus giants are products of this action. If the Over- 
secretion takes place later, the condition is called acromegaly, In 
this condition, the bones which can still grow—the bones of the 
face, fingers, and toes especially—do so; such a person has tremen- 
dously large hands and feet; the lower jaw protrudes, and the 
cheek bones are enlarged. In most cases, a tumor of the pituitary is 
responsible, and, upon removal, will be found to consist of acido- 
philic cells, indicating that cells of this type secrete the growth 
hormone. 

2. The thyroid-stimulating hormone.—This hormone has al- 
ready been discussed and will] only be reviewed here. Its function 
is to stimulate thyroid activity in every respect; it can both in- 
crease the secretory activity and the size of the thyroid gland itself. 
Many cases of hyperactivity of the thyroid gland are probably due 
CO oversecretion of TSH, the overactivity of the thyroid being sim- 
Ply in response to the Oversecretion of its stimulant. The secretion 
of TSH depends on the level of thyroxin in the blood; when this 
Tises, the anterior lobe secretes less; when it falls, the lobe secretes 
sieme TSH. It is thought to be secreted by basophilic cells, al 
though this is not known for certain. 

3. The adrenocorticotrophic hormone (ACTH).—This hor- 
mone has also been adequately discussed. Its secretion is controlled 
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a two WAYS? first, by the amount of cortical hormones 
coids) in the blood (the greater the 
ACTH produced); and second place, by any stressful situation 
probably through an intermediary action of adrenalin. These can. 
trols are not contradictory, for when stress is the stimulus, the con- 
centration of glucocorticoids in the blood does not rise (if it did, 
the further secretion of ACTH would be inhibited); apparently 
they are used up about as fast as they are produced. Mineralocorti- 
coid secretion 1s not affected by ACTH, which is the reason the 
animal does not succumb to adrenal insufficiency when the an- 
terior lobe is removed. The secretion of ACTH is a function of the 
basophilic cells. 

4. The diabetogenic hormone.—You may have thought that the 
subject of diabetes was exhausted; however, we are forced to return 
to it once more. Houssay, an Argentine investigator, removed the 
pancreas from a dog and the dog, of course, developed diabetes. 
This had been done many times before, but Houssay went one step 
further; he removed the dog’s anterior lobe as well. To his great 
surprise, symptoms of diabetes largely disappeared. Later, it was 
found that the injection of a certain extract from the anterior lobe 
into a normal animal produced all the symptoms of diabetes. To 
this principle, or hormone, the name diabetogenic hormone has 
been given. ; 

Although the involvement of the islets of Langerhans in the 
etiology of diabetes might be thought to have been proved, there 
have always been two inexplicable findings. One is that if you take 
a hundred microscopic pancreas sections from people dead of dia- 
betes and a hundred sections from people dead of anything other 
than diabetes and shuffle them together, the most expert patholo- 
gist in the world will be unable to separate them, since many of the 
sections of diabetic pancreases look normal. 

The other puzzling finding is that the pancreas of a man dead of 
diabetes contains considerable insulin, at least enough to have 
kept him alive for some time. In view of all this, a new theory to 
explain the cause of diabetes may be propounded. It is that the 
pancreas is normal, and the cause of diabetes is oversecretion of 
diabetogenic hormone by the anterior lobe. This does not argue 
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against the use of insulin in the treatment of diabetes, Logical, 
the attack should be on the pituitary, but the Pituitary js diffic, 4 
to get at surgically, and in any —— " has so many other Functig | 
that its removal would be unwise. No one can say whether o> - 
this theory is true; it is given, however, to show that in physiolo . 
very few “facts” are sure facts. One would have said that ¢ a 
thing about diabetes was known; that failure of the islets to se 
insulin was the cause of diabetes; we now, at the very least, 
some reason to doubt this statement. 

5. The lactogenic hormone.—This hormone will be discussed 
later, after the functions of the ovaries have been considered, 

6. The gonadotrophic hormones.—If the pituitary of a young 
animal is removed, the sex glands fail to develop. If it is removed 
from an adult, the sex glands undergo atrophy and cease to func. 
tion. On the other hand, the injection of an extract containing 
these hormones into the young animal, will cause a precocious 
development of the sex glands. 

There are undoubtedly two, and possibly more, gonadotrophic 
hormones—the follicle-stimulating hormone (FSH) and the lutein- 
izing hormone (I.H). Their functions will become clearer after 
the ovaries and testes have been discussed; however, they will be 
stated here. FSH acts upon the follicle, the structure in the ovary 
within which the egg develops. It causes rapid maturation of many 
follicles, so that the ovary must enlarge to accommodate them, and 
each follicle ripens rapidly. LH acts on the ripened follicles, caus- 
ing within them the growth of many luteal cells, which form a 
body called the corpus luteum. Since the follicle secretes one of the 
female sex hormones, namely estrin, FSH stimulates its secretion. 
The corpus luteum secretes the other female hormone, progest!™ 
its secretion stimulated by LH. In the male, FSH stimulates 
spermatogenesis, and LH stimulates the interstitial tissue, which 
secretes the male sex hormone, testosterone. 
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The Chorionic Gonadotrophic Hormone 


is is ¢ : a . jone” 

This is sometimes called the “anterior pituitary-like horn does 

Ap ny ‘“ 
(APL). Its action greatly resembles that of LH, although ! 


. : : » that 
not originate in the pituitary at all, It is included here for 
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resemblance and its interaction with pituitary hormones, alth 
. ; S,a 
;, works in the province of the following chapter a 
if, at this point, you will hai i. eine 
: , you will refer back to chapter 7 on embryol 
— : : rology, 
it will be helpful. There, it was pointed out that the outer Ae 
the trophoblast became the chorion, and that the chorion grew 
rapidly into the uterine wall. As it grows, it develops glandular 
properties and secretes this chorionic gonadotrophic hormone 


It is obvious that the chorion is a product of pregnancy; there can 
only be a chorion if the woman is pregnant, and therefore, the dem- 
onstration of the presence of chorionic hormone is proof of pregnancy. 
The Ascheim-Zondek pregnancy test, probably still the most reliable 
of all such tests, is based on this principle. The chorionic hormone is 
excreted in the urine; usually the morning urine is tested, since it is 
more concentrated. It is injected into immature female mice or rats, 
twenty-one days old, twice a day, in doses of 4 cc., for three days. One 
hundred hours after the first injection, the animals are killed and the 
ovaries examined. The presence of enlarged, pink, blood-spotted (from 
ruptured follicles) and luteinized ovaries are proof that the urine con- 
tained chorionic hormone, and that the female is pregnant. As will 
be shown in the following chapter ovulation occurs in the middle of 
the menstrual cycle; a woman becoming suspicious because she has 
missed a menstruation might not show positive test results that early, 
that is, within two weeks of conception. Within another two weeks, 
however, the test is highly reliable. Friedman’s test is based on the same 
principle, but it utilizes the rabbit and is more rapid. The rabbit is 
an animal which does not ovulate spontaneously, as do most animals; 
the follicles develop within the ovary until they are ripe, but do not 
rupture except following sexual intercourse or the injection of — 
trophic hormone. Five cubic centimeters of urine are injected into 


the rabbit’s ear vein, and forty-eight hours later, the animal is anes- 
thetized and its ovaries examined. If the urine contains gonadouey = 
hormone—which, of course, it will if the woman 1s pregnant ts bey 
licles will be found to have ruptured and bloody spots will 4 isi ; 
on the ovaries. It is not necessary to kill the animal; she may be usec 
over again a few months later. 
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i f impulses from the sex organs. These nerve impulses stimy. 
ception o Fr Y the hypothalamus to release their neurosecretion, The 
late ¢ ce pad capillaries of the hypothalamus drain, as was Pointed 
blood -. portal system; that is, their blood flows from the hypo. 
pis Romo directly into the anterior lobe. The anterior lobe responds 
by secreting gonadotrophic hormone which is carried by the blood to 
the ovary and causes ovulation. The whole process requires almost 
exactly ten hours. 


Of course, the chorionic gonadotrophic hormone is not secreted 
merely to provide a simple test for pregnancy; it has an important 
function which will be described later. That the chorionic hor- 
mone is, in fact, produced by the chorion is apparent from the fact 
that it disappears immediately after the child is born. (The chorion 
is part of the placenta or afterbirth, and is voided with that struc- 
ture.) Its concentration is highest during the first months of preg- 
nancy and then falls to a lower level. 

The pregnant mare also produces a great deal of chorionic hor- 
mone, although in her case it is not excreted in the urine—the 
molecule is apparently too large to pass through Bowman’s cap- 
sule—and must be obtained from the blood. Commercially, this is 
a more convenient source of supply than the urine of pregnant 
women and pregnant mare serum (PMS) gonadotrophic hormone 
is widely used. 

Clinical use of gonadotrophic hormones.—The use of gonado- 
trophins in medicine has not been as successful as was at first 
hoped. For one thing, gonadotrophins of pituitary origin have 
proved to be very difficult to prepare, and they gradually lose their 
potency, even under refrigeration. They have been used in the 
treatment of hypogenadism, when the child’s ovaries or testes failed 
to develop normally. Sometimes this use has been successful, but 
there have been many disappointments as well. 

One of the outstanding uses of chorionic gonadotrophins, either 
from Pregnancy urine or from pregnant mare serum, has been in 
the ‘reatment of cryptorchidism. In this condition, the boy’s testes, 
Hos ce rere from the abdomen into the scrotum at - 
descend later ha mgs evayeaiaan, sul, te. Geacaad, “They w is 

cy may not; if they do not, such a person ! 
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terile. An in jection of chorionic gonadotrophin will, in most cases, 
§ . . . 

use them to descend. If not, it is reasonabl 
ca ° 

nie will of their own accord 
n 


surgically. 


y certain that they 
and must then be brought down 


OVARIES AND TESTES 


The remaining two endocrine glands, the ovaries and testes, 
have, in addition to their endocrine functions, a ie a 
function, namely, the production of eggs and sperm ee y: 
Because reproduction functions are closely related to an — 
trolled by endocrine functions, we have concentrated _ ma : 
mones in closing this chapter. Now it is time to comp it vod 
ture in a more detailed discussion of the physiology of repr ‘ 


CHAPTER 16 


REPRODUCTION 


LIFE STAGES OF THE WOMAN 


From the standpoint of her reproductive system, a woman’s life is 
characterized by three distinct periods: (1) childhood immaturity 
before puberty; (2) the child-bearing years; and finally (3) meno- 
pause, with the cessation of ovarian function. There are consider: 
able individual differences, not only in the age-of-onset and the 
duration of each stage, but also in its impact upon the woman. We 
will stress these changes as physiological events, but the student 
should realize that cultural values and psychological attitudes play 
large roles in the extent to which any woman enjoys, resents, or 
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reach P or rty between 12 and 14 years of age, with a mea 

years. Latin peoples and others from tropical climates sh n at 12.8 
erally accelerated maturation. eo 
. The menarche marks the beginning of the reproductive func- 
tion of the ovaries. (Endocrine function begins earlier and is re- 
flected in the appearance of secondary sex characteristics; in the 
female these include breast development and the appeamnce of 
pubic hair.) 

About two weeks after the first menstruation, a new egg is re- 
leased from one or the other of the ovaries, and about two weeks 
after that, this second egg, if unfertilized, is discarded in the second 
flow of menses. This cycle is repeated every twenty-eight days 
throughout the reproductive life of the individual, for approxi- 
mately four hundred menstruations, interrupted only by any preg- 
nancies that may occur. 

Between 35 and 55 years of age, but most frequently between 45 
and 50, the woman experiences menopause. Menstrual cycles be- 
come irregular in timing and intensity, then less frequent with a 
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THE OVARIAN CYCLE 

There is apparently a general division of labor between the two 
ovaries, which alternate in producing the monthly follicle, though 
this alternation is irregular and unpredictable. In its immature 
state, the follicle is simply a round body, one layer of cells thick, 
in the center of which lies the egg. As the “early follicle” in our dia- 
gram begins to ripen, the cell number increases rapidly, and the 
whole structure grows in size. Fluid-filled clefts then appear among 
the cells, and eventually the ripe graafian follicle is formed. This 
is a fluid-filled sac, with a few layers of cells forming its wall and 
the egg perched on a little promontory of cells—the cumulus 
odphorus. While these changes are taking place, the follicle first 
migrates inward and then returns to the surface, where it appears 
as a blister on the face of the ovary. 
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At the same time the ege within has been m 
, meiotic division that reduces it Original ¢ 
from 48 to 24, Since cell division results in two Cells in place of 
the student may wonder why human babies do not ‘te : a 
in pairs. The explanation (which Appeared in detail hs tice 
is a modification of meiosis, It provides that all the eytopl: 4 
one nucleus go to form one cell—the 


definitive ovum; the other 
nucleus—the polar body—is reabsorbed and disappears, 


Ovulation occurs when the mature egg is extruded from the ripe 
follicle and into the fallopian tube, Many theories have been pro- 
pounded to explain the rupture of the follicle. One is that there 
appears in the blood at this time a certain substance which has the 
power to dissolve tissue and that this substance dissolves the wall 
of the follicle. Another is that just at this point a proper hormonal 
balance is reached, Perhaps the follicle ruptures simply because of 
the pressure exerted by the follicular fluid, 

If the egg is not fertilized—which is after all the usual case—the 
egg disintegrates as it passes down the fallopian tube, If it is ferti- 
lized, it goes through the cleavage stages and becomes a morula 
during its three-day trip in the tube. (This is diagrammed in chap. 
7, pp. 113 and 114.) Arriving in the uterus, it clings to the uterine 
wall, becomes a trophoblast, and begins to sink into the uterine wall, 
which takes another three or four days. 

Meanwhile, back at the empty ovarian follicle, there takes 
place a rapid growth of cells from the surrounding connective tis- 
sue into the follicle. These cells are large and multiply rapidly; 
they contain a yellowish pigment which gives the structure its 
name, corpus luteum (“yellow body’). The corpus luteum com- 
pletely fills the follicle; in fact, it may be even larger than the fol- 
licle was. The life of the corpus luteum depends on whether or not 
rtilized. If it has not, the corpus luteum flour- 


the egg has been fe one as ave I? the 
ishes for a while, but ceases to function after about ten days. If the 
hy . c , 


egg has been fertilized, the corpus luteum persists and centinves 
to function throughout pregnancy. This brings up a good ques- 
tion: What “tells” the corpus luteum whether or not the egg has 
been fertilized? This question will be answered presently. 
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inying diagram shows the events of the monstrug! 


The accompé 
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y col respone : 
state of the lining of the uterus during the course of a non-fertile 
At the top of the diagram stands the anterior lobe of the pitu. 
itary gland, secreting hormones that are responsible for the whole 
process. (If the anterior lobe is removed, all ac livity in the Ovary 
ceases, and menstruation comes to an end.) ‘The two Pituitary se. 
cretions—the gonadotrophic hormones—serve different functions in 
the ovary as indicated by their names: the “follicle-stimulating 
hormone” (familiarly, FSH) stimulates the development of the fol- 
licle; Jater in the cycle, the “Juteinizing hormone” (LH, for short) 
brings about the growth of the corpus Juteum. These two hor- 
mones from the pituitary in turn stimulate the ovary to produce 
other hormones, and these ovarian hormones have profound effects 
upon the lining of the uterus, the endometrium. 

FSH stimulates the follicle to produce estrin. During the first half 
of the menstrual cycle, the endometrium is under its influence. 
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The visible effects of estrin are not great; there is a 
thickening and some glandular proliferation, but 
However, from animal experimentation it is Known that estrin 
“primes” the uterus for the action of Progestin, the second ovarian 
hormone. In the rabbit uterus, for instance, a much greater degree 
of thickening and of glandular proliferation follows the injection 
of progestin if estrin has been injected previously, 

Following ovulation, the corpus luteum develops under the in- 
fluence of LH, secretes progestin, and now the endometrium is sub- 
jected to the influence of this hormone. It has a number of effects. 
It causes a marked thickening of the endometrium: the glands 
ramify and multiply in number; and they secrete mucus which 
coats the inner surface of the uterus, so that if a morula should 
happen along, it would stick to the surface. In addition, the blood 
supply to the uterus is increased by the development of new blood 
vessels. 

The peak of all this “ripening” of the uterus, as it might be 
called, is reached on the eleventh or twelfth day following ovula- 
tion; at this point, the corpus luteum ceases to secrete progestin, 
The influence responsible for the entire buildup is no longer pres- 
ent, and the structure fails. There is a sort of plane in the arrange- 
ment of blood vessels where all lie parallel to each other. This isa 
point of weakness; the innermost layer separates and, along with 
blood, is expelled. This is the menstrual flow, or tt apenas 
the average, 50 cc. of blood are lost, although it may be as much a: 
te to explain why all this happened. ein buildup was 

‘ ine the uterus to receive a fertilized egg. 
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; fetus—but the fertilized egg never arrived. o 
bly, to nourish the i truation, the whole edifice is 
ege was fertilized, and so, In menstrue , 
= ne has been called an example of “biologic etal 
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monkeys and apes. In other higher animals reproduction is accom- 
lished, similarly and quite as well without whatever value men- 
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struation may have; the uterine il err a for the 
embryo that never arrived is simply oe Is h € slight Period. 
ic bleeding seen in non-menstruating "am Ais such as dogs (usual. 
ly accompanied by sexual excitement on the part of any nearby 
males and by acceptance on the part of the female) is not men. 
strual flow but vaginal bleeding, a sign that ovulation has occurred, 


Ovulation Followed by Pregnancy 

Now let us consider what happens if the egg has been fertilized, 
In this case, the corpus luteum develops as before, but it now per- 
sists and even grows larger and more active; its secretion of pro. 
gestin is greatly increased. The buildup is the same as before, but 
is now continued and increased. The endometrium becomes even 
more spongy to receive the trophoblast. The blood supply be- 
comes even more generous so that the fetus may be nourished. In 
many species it is essential that the corpus luteum persist through- 
out pregnancy. In the rat, with a gestation period of twenty-one 
days, removal of the corpus luteum as late as the nineteenth day 
will result in death and absorption of the fetuses. In the human, 
the corpus luteum is essential only during the first three months, 
for reasons that will be given later. 

Let us now return to the question of what “tells” the corpus luteum, 
back in the ovary, when the egg has been fertilized. What makes it per- 
sist instead of stopping, which would initiate menstruation. The answer 
is that the chorion, which has formed around the implanted week-old 
fetus, also secretes a luteinizing hormone. This is the “messenger” that 
is carried back to the ovary by the blood, and it causes the corpus luteum 
to persist. This chorionic “LH” is one of the so-called placental hormones 
that safeguard the fetus. 


Another placental hormone secreted by the chorion is the now 
familiar estrin. Estrin first appears in the urine during pregnancy 
much later than does chorionic gonadotrophic hormone, and 1s 
therefore not useful as a pregnancy test.* One wonders at the secr© 
ton of estrin at this time. Estrin has the property of inhibiting the 
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secretion of FSH by the anterior lobe. If the secretion were not in- 
hibited, follicle-ripening and ovulation would continue through- 
out pregnancy; those eggs might then be fertilized, and the woman 
would be having a baby every month. Estrin, therefore, brings 
about the cessation of the ovarian cycle during pregnancy. Another 
function of the estrin produced during pregnancy is to stimulate 
the development of the mammary glands. This will be mentioned 
again under lactation. 

We have noted that in the human, persistance of the corpus 
juteum is essential during only the first three months of pregnancy. 
The reason is that the chorion also secretes progestin, and this pro- 
gestin is just as able to maintain the uterus as is the secretion of the 
corpus luteum. It is as if nature wanted to be very certain that the 
uterus would be maintained and so established a secondary source 
for progestin secretion in case anything happened to the first. 


The Timing of Conception 


So far we have been assuming that the menstrual cycle lasts 
twenty-eight days and that ovulation occurs on the fourteenth day. 
Neither of these assumptions is invariably true. If it were estab- 
lished that sperm survive in the female reproductive tract for only 
a short time, and that the egg is capable of being fertilized for only 
a short time after ovulation (both of which assumptions are true), 
then sexual intercourse at about the time of ovulation, and at no 
other time, could result in pregnancy. This makes the time of 
ovulation the critical variable in the timing of conception. 

In one way or another, nearly every adult is interested in this 
question. There are those who greatly desire children; for them 
this knowledge would be important since they would then know 
at what time to concentrate their efforts. If artificial insemination 
is to be employed, it should be at the time of ovulation. A far 
greater number are interested in the question from the opposite 
standpoint of avoiding pregnancy. While this group has other 
agents available, such as chemical and mechanical contraceptives, 
they may not be available when needed and are not always infal- 
lible. Further, a very large group of people, namely members of 
the Roman Catholic Church, are ordinarily prohibited from using 
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be very long-lived. The spe , 
to store much food for its long journey up the female reproductive 
tract, In the male reproductive tract the sperm are immobile and 
packed tightly together, but in the female they are required ty 
move a considerable distance under their own power and at a rate 
of about 4 mm, per minute through uterus and fallopian tube until 
they reach the egg. For this, food is necessary and they start out 
very poorly equipped, Also the seminal fluids of the male are alka- 
line, while the fluids of the female tract are acid, This imposes an- 
other handicap. Finally, the currents set up by the cilia of the epi- 
thelial cells of the tubes are in the reverse direction; they serve to 
orient the sperm, since sperm swim upstream, but the current still 
has to be overcome, 


Actual studies concerning the length of life of sperm have been made 
in many species of animals, The rabbit is an excellent subject for this 
purpose, since, as we have seen, ovulation can be accurately timed. A 
rabbit can be artificially inseminated without causing ovulation, and 
can be made to ovulate later by being mated with a sterile buck, The 
time between insemination and ovulation marks the time of survival ol 
the sperm. If ovulation is produced much more than twenty-four hours 
after insemination, the rabbit does not become pregnant, because the 
— did not survive, From experiments such as these, it has been found 
ee alt they may remain motile for longer periods, are ma 
tr oo tes = wan twenty-four hours after they have been 
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Determining time of ovulation. 
known and intercourse avoided over a forty-eight-hour period 
twenty-four hours before ovulation to allow for survival Lp _ 
and twenty-four hours afterward to allow for survival of Sar 
pregnancy simply could not occur. all 
How, then, can the time of ovulation be determined? In the first 
place, a woman herself cannot know from her own feelings when 
this event takes place. There are a few doctors who believe that if 
a woman keeps a very careful diary, noting day by day her physical, 
psychic, and sexual feelings, that a certain event will recur each 
month, which event signifies ovulation. This theory was tested in 


the author's laboratory. In no case could such an event be dis- 
covered. 


—If the time of Ovulation were 


The first man to throw light on the question was Professor Knaus in 
1929. Up to that time it was thought that ovulation occurred at the same 
time as menstruation. This was due to a misconception as to the cause 
of bleeding in dogs, who do bleed at the time of ovulation, when they 
are in “heat.” This bleeding is not true menstruation, however. It does 
not come from the uterus but from a few ruptured blood vessels in the 
vulva. Knaus, as a matter of fact, was not interested in ovulation at all; 
he was studying the response of the uterus to pitocin. He found that 
some rabbit uteri, placed in a warm water bath to which pitocin was 
added, contracted, while others did not. Investigation brought to light 
the fact that the uteri which did contract were taken from animals 
whose ovaries were in the follicular stage while those that did not were 
from animals whose ovaries were in the luteal stage. Since between the 
follicular stage and the luteal stage, ovulation must occur, this gave a 
test for ovulation. By inserting a toy balloon into the human uterus 
injecting pitocin every day during the menstrual cycle, it was possible 
to determine when ovulation occurred. During the first half of the cycle, 
the injection would be followed by contraction, which could be recorded 
by means of a tambour; but following ovulation, when the pad was = 
the luteal stage, contraction ceased. This was the first proof t at lg 
tion was not coincident with menstruation, but occurred during the 
middle rather than at the end, of the menstrual cycle. 

Knaus made another important discovery; he found that sa o 
menstrual cycle was longer or shorter than twenty-eight yo he np sa 
phase was constant at fourteen days; any id aap Ap wg! = _ 
to irregularity of the follicular phase. In other words, this mea ‘ 
ovulation occurred fourteen days preceding the next menstruation. 


HON 


Thus, if the cycle were, say, dibrey ve a Terre cular phase would 
last for twenty-one days and the lutea a i en days. 

Other evidence came from the work o a he Japanese BYNecologist, 
He and his colleagues hospitalized women * ho ware to undergo abdom. 
inal surgery, for which the need was not pressing, for un entire menstrual 
cycle. They divided the women Joa groups; samtie ae operated On ear] 
in the menstrual cycle; some later. In every case, the Ovaries were care. 
fully inspected at the time of operation. Those examined early were 
found to be in the follicular phase; those later, in the lutea] Phase, 
Among those operated on in the middle of the cycle, some with large, 
unerupted follicles were found, and some with freshly developin 
corpora lutea. They never had the good fortune to actually observe Ovu- 
lation—no follicle actually blew up in their faces—but they concluded, 
as had Knaus, that ovulation occurred sometime during the middle of 
the cycle. 

Allen, using a hospitalization method similar to Ogino’s, washed out 
the fallopian tubes with warm saline solution and searched the collected 
washings for eggs. He found five eggs out of ninety-five attempts—in one 
case recovering the eggs of twins—and these eggs were all found between 
the fourteenth and nineteenth days preceding the next menstruation. 

Burr used an electrical method. Reasoning that every organ, when it 
became active, developed a negative electric charge, and thinking that 
ovulation, although not the only activity of the ovary was, at least the 
most spectacular, applied electrodes to the shaven sides of rabbits. Mak- 
ing use of the proven ability to induce ovulation at will in the rabbit, 
the galvanometers were watched about ten hours after the animals were 
mated. Sure enough, first one, then the other of the galvanometers would 
register a negative charge, and when the ovaries were later examined, 
the number of ruptured follicles agreed with the number of fluctuations 
of the galvanometer needle. This method has also been applied to a few 
human cases, and again, ovulation was found to occur about the four- 
teenth day before the next menstruation, 


The urinary assay method.—It will have been noted that all the 
foregoing methods make considerable demands upon the subject 
and none js practical if one wishes to study the same subject 
through many cycles. For this reason, the method of urinary assay 
was developed. The only demand upon the subject is that she sav¢ 
twenty-four hour specimens of her urine. Gonadotrophic hormoné 
would be assayed just as the Ascheim-Zondek test is made exceP! 
that normal urine contains so little that it is necessary to concen 
trate the urine and extract the hormone from it. For the assay © 
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at ls employed. The rat has 
ays on the average. 
= 


In following the events of the cycle, tl : 
This test, developed by Long and Evan, hs aa smear test is used. 


oy “, Consists in inserti 
qunlsiened sotion sw “i into the vagina and rotating it, smearin run : 
. ; ) i . . . : : é 
microscopic slide, and examining this for cells. Between estrus Caied 
Ss, 


the smear shows only leucocytes; with the onset of estrus, th itheli 

of the vagina sheds thousands of cuboidal epithelial cells which a oiben 
present in the smear; leucocytes are completely absent (This i in 
estrus stage; only at this Stage will the animal permit ssipntlatien) Bi me 
following day, the epithelial cells wil] have become desquamated i 
white cheesy masses of cells are seen in the smear. If the animal’s meen 
are removed, this cycle ceases and only leucocytes will be found in the 
smear. If estrin is injected into such an ovariectomized animal, within 
forty-eight hours the estrus smear will be obtained. 


estrin, the ovariectomized r 


ovarian Cyc le—about five d a very short 


Urine to be assayed for estrin is extracted with a fat solvent, such 
as ether or chloroform; the solvent is evaporated, and the estrin 
dissolved in olive oil and injected. For the assay of progestin, no 
biologic assay can be used, since progestin is converted, before ex- 
cretion, into another substance called pregnanediol, which is bio- 
logically inactive. The pregnanediol must be recovered in pure 
crystalline form and weighed. 

The accompanying graph is typical for the urinary assay of a 
normal woman during the menstrual cycle. Most prominent is the 
curve for gonadotrophic hormone, which shows a very sharp rise, 
28TH DAY 


START OF CYCLE 14TH DAY 


GONADOTROPHIC 
HORMONE 


ESTRIN 


MENSTRUAL 
FLOW 


HORMONE LEVELS DURING MENSTRUAL CYCLE 
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ually on a single day. This follows the fall in estrin se 
Uist mS 


; : CTetion, 
ich is to be expected, since the follicle has ruptured, 


wh  - and pre. 
cedes the pregnanediol rise, which is also natural, SINCE the se, fe. 
tion of progestin is just beginning. For these reasons, the 9onado. 
trophin peak is taken as the probable time of ovulation. In a study 
in which forty-three cycles involving eight women were assayed, 
this gonadotrophin peak was found to occur between the twelfth 
and sixteenth day preceding the next menstruation, with the peak 
of the curve falling on the fourteenth day, 


From the practical point of view, in contrast to the scientific, mention 
should be made of two other methods. The first is the human adaptation 
of the vaginal smear method described above for the rat. Papanicolaou 
of Columbia University was one of the first to investigate cyclic changes 
to see if those found in the lining of the rat’s vagina also took place in 
the human. He found that they did, to a considerable extent. However, 
as a test for “time of ovulation,” the method is open to criticism. 
The changes in the human are by no means as sharp and clear cut as 
they are in the rat, but blend into each other without any sharp dis- 
tinction; also the epithelial changes lag several days behind the ovarian 
changes. Many gynecologists therefore consider the test of doubtful 
reliability.* 

The other method is the rise in body temperature method, It has been 
observed that in many women the body temperature is low during the 
first half of the menstrual cycle but rises by half a degree or so at the 
time of ovulation, There is again a question as to the reliability of this 
test. Such minor physical ailments as colds or attacks of influenza may 
interfere; not all women seem to show any sharp change; and above all, 
few women can read a clinical thermometer accurately enough to be 
positive about it. 


From all this work, the following conclusion seems justified: 
ovulation occurs in the middle of the cycle, rather than during 
menstruation. It does not always occur on the fourteenth day; it 
may occur a day or so before, or a day or so after, but the peak of 


* One beneficial result has eme 
smear taken from the vagi 
provides 4 means of diag 
Wise escape detection, 


. ined 
rged from these studies, however; the yee 
nha may contain cells typical of cancer of the cervix, other: 
nosis for a very dangerous condition which might © 
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the ovulation curve falls on the fourteenth d 
menstruation. 

The “rhythm” method of contraception.—If sexual intercourse 
were avoided for one week, with the mid-day falling on the four- 
teenth day preceding the next menstruation, pregnancy could be 
avoided in practically all cases. This is the principle of the “safe 
period” technique of contraception—the avoidance of intercourse 
during a period centering around the fourteenth day. 

This has long been known; books have been written; calendars 
designed; even slide rules are available. And still, in practice, the 
method frequently fails. The reason for the frequent failure of 
this method in practice is simply that it is based on an event which 
has not yet happened. In other words, if there were only twenty- 
eight-day menstrual cycles, the fourteenth day preceding the next 
menstruation would also be the fourteenth day following the pres- 
ent one, and the method would never fail. ‘The woman beginning 
to menstruate could count fourteen days ahead, cross out two or 
three or four days—depending upon how “safe” she wanted to be— 
on either side of the fourteenth day, as days during which inter- 
course was to be avoided. 

In short, failure of the method is due to the fact that most 
women simply do not have regular menstrual cycles. Every gyne- 
cologist knows this to be true, and it is attested by innumerable 
studies. Many women believe that they are “regular,” that the 
moon waxes and wanes in accordance with the length of their 
cycles—until they begin to keep a calendar record.* It is true, on 
the other hand, that many women are regular, or only slightly ir- 
regular, and for them the “safe period” technique works. But let 
us assume that a woman expects her cycle to be twenty-eight days 
and marks off three days on either side of the fourteenth day. If the 
cycle turns out to be thirty-three days—or only twenty-five—then 
the six days she has marked off do not coincide with the days when 
ovulation may have occurred, and she may well be an angry 
woman in the gynecologist’s office a little later on. 


that can be given any young woman i 
d of the length of her menstrual cycles. 


ay preceding the next 


* : s that she begin today to 
The Get Ane In many cases, she will 
keep a calendar recor 


be surprised. 


ANG 
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ENDOCRINE FUNCTIONS OF THE OVARIES 


fstrin, the follicular hormone, is responsible for the develop. 
ment and maintenance of the accessory sex organs, namely the 
uterus, fallopian tubes, vagina, and breasts. It is responsible for the 
development, but only ina small degree lor the Maintenance, of 
the secondary sex characters: hair distribution, voice, bodily con. 
figuration, and female psyche. Removal of the ovaries from the 
young child results in failure to develop of both ACCESSOTY sex 
organs and secondary sex characters; however, removal of the OVa- 
ries from the adult woman, while causing atrophy of the accessory 
sex organs, does not result in significant loss in secondary sex char. 
acters, Many women have had their ovaries removed without los- 
ing any of their femininity; even their best friends would not know 
that the operation had been performed. In fact, all women at the 
time of menopause undergo what has been called “biologic castra- 
tion” and remain altogether womanly, In many women, the libido 
—sex desire—is increased after the menopause, since the fear of 
pregnancy is no longer present. Once the secondary sex characters 
have been established, they remain, with little or no support from 
estrin, 

Progestin is strictly a pregnancy hormone. The name itself means 
“for gestation.” It is secreted by the corpus luteum. We have seen 
how it builds up the uterus in expectation of the fertilized egg. In 
the non-fertile cycle, the egg does not arrive, and with failure of 
progestin secretion, menstruation results. On the other hand, it 
builds up and maintains the uterus when pregnancy does occur. 


Both estrin and progestin have a function in lactation, which will 
be discussed later, 


Clinical Use of Estrin 
Originally estrin 
women and from th 
tancously by Doisy 
Doisy, There are 
urine, but only on 
by the follicul 


was obtained from the urine of pregnant 
€ placenta. It was crystallized almost simul- 
and by Buteneandt and later synthesized by 
actually three estrogens present in pregnancy 
¢, estriol, is believed to be the substance secreted 
ar cells. Estrogens (substances that produce he 
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estrus reaction in ovariectomized Tats) are widely distributed in 
nature. One of the strangest places in which estrogens are found is 
in the urine of the stallion. The stallion is one of the most mascu- 
line of animals, and the presence of estrin in high concentration in 
his urine is one of nature’s mysteries. Synthetic estrin was widely 
used, but has now been largely replaced by di-ethyl-stilbestrol, an- 
other synthetic product, first discovered by Dodds in England. It 
does everything that estrin does and does it better, since it is active 
when given by mouth; estrin is not. 

The place of estrin in medicine was established by its power to 
regulate (in some reported cases) excessive or (in others) inade- 
quate menstrual flow and ease painful menstruation, sometimes in 
combination with progestin. When the same substances are ap- 
parently able to turn menstruation off or on, according to the 
patient’s need, one suspects the strong psychic elements that are 
known to influence the functioning of both male and female re- 
productive systems. * 

Another important role of estrin is in the treatment of meno- 
pausal symptoms. It is estimated that one-fourth of the women 
who enter menopause develop symptoms of such severity that 
estrin is needed. The actual cause of the distress is probably the 
flooding of the body with FSH from the anterior lobe. We have 
seen that estrin inhibits this activity, but as the ovary ceases to 
secrete estrin, the anterior lobe runs wild. Some of the outstanding 
symptoms are the “hot flushes,” or “flashes,” that indicate vaso- 
motor instability, gastric distress, and, above all, psychic symptoms 
which in some cases include extreme depression and weepiness; in 

* i case of a woman, twenty-five years old, who had never 
mem Je weed a ama on he 
le gage ee eB es a ‘ait, to ant plan I agreed. He then 
ee oy ail ade in sea of science—how one could tell a lot about the 
ovaries from the urine, and that she was to save twenty-four hour specimens for me 
to assay. He brought three or four samples to me, but before I gape 
called up to say that the woman had begun to menstruate. Why she ad not be 
fore, and why she did then, I do not know; but if she had been injected with estrin 


~—or dishwater—the estrin would have gotten the credit. It is likely that all this talk 
of ovaries, sex, etc. stimulated her psychically, and once she started to menstruate, 


she continued. : 
Along these lines, almost everyone knows some couple, long childless, who finally 


adopted a baby and promptly conceived a child of their own. 


owe “€Productig, 


irritability. Such women are dj 

thers, nervousness and irritability e difficult ws 

i ith and estrin is a godsend in many cases. The administra 
ive Ww » € = e ; - 
tion of estrin suppresses the activity of the anterior lobe; the doses 
are gradually decreased until the body becomes accustomed to the 
new conditions. In lower animals, such as rats and rabbits, estrin 
will prevent, or interrupt, pregnancy; whether it has this effect jn 
humans is not known for certain. 

It has recently been found that estrin is extremely helpful in treating 
osteoporosis, especially osteoporosis of the spine, in women past the 
menopause. In this condition the bones lose strength because of reduced 
activity of the osteoblasts, which accounts for the stooped posture of 
many older women. Estrin seems to stimulate the osteoblasts to renewed 
activity, greatly relieving the condition. It has become almost routine 
to institute this treatment in many older women showing deformities 
of the spine. 


Clinical Use of Progestin 


Progestin has been synthesized and it is the synthetic product 
which is used in medicine. There is one condition in which it is 
extremely effective, namely in the treatment of habitual abortion. 
When a woman has a record of two or three early miscarriages, all 
occurring at about the same stage of pregnancy, it may be assumed 
that her corpus luteum or chorion is not secreting enough pro- 
gestin. Many women with such a history have a nice family of chil- 
dren today, since the use of progestin became established. 


LACTATION 


The secretion of milk by the mammary glands is controlled dif 
ferently in different species of animals. In the human, it requires 
the cooperation of three hormones, estrin and progestin from the 
ovaries, and the lactogenic hormone, or prolactin, from the anterior 
lobe of the pituitary. Estrin, secreted in large amounts during 
Pregnancy, promotes the development of the duct system of 4 
mammary gland. Progestin stimulates the growth of the hes 
bodies of secretory cells at the ends of the ducts. And prolacth 
oo ee to secrete milk. Both estrin and aie 
the placenta is cenelied. eh promicein, laut nseagt ie 

—the chorion of the placenta is the cM 


Reproduction 489 


eh 


SECTION OF 

MATURE GLAND 

SECRETING UNDER 
INFLUENCE OF 
PROLACTIN 


STIMULATED — sT 
BySEST RIN IMULATED 


MAM 
A MARY GLAND OF IMMATURE GIRL 


BY PROGESTIN 


FAT DROPLETS 


ENDING OF DUCT 
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source of these two hormones during pregnancy—this inhibition is 
removed and the secretion of large amounts of prolactin stimulates 
the builtup mammary gland to secrete milk. The stimulus to its 
continued secretion is the sucking of the child at its mothers nip- 
ples and the continued withdrawal of milk. If the baby is not per- 
mitted to nurse, milk secretion dries up within a month or two. 

In such animals as the rat, however, milk secretion, even in the 
male, can be brought about simply by the injection of large doses 
of estrin. The male rat does not possess rudimentary nipples, as do 
the males of most mammalian species, and therefore the milk can- 
not be withdrawn (he cannot nurse babies) but the mammary 
glands enlarge greatly. When cut through, they exude a white 
fluid, which, to all intents and purposes, is milk. 

An odd action of the lactogenic hormone is that it will induce 
maternalistic behavior in male animals. If you have a big, tough 
male rabbit, for instance, and put babies in the cage with him, he 
will promptly kick them to death; but, if injected over a period of 
time with lactogenic hormone, he will make a nice little nest, even 
pulling hair out of his breast to line it; and if babies are now given 
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il] nuzzle them and care for themnm—a]] the 
silly expression on his face as if he knew he was mak; 
of himself but could not help it. - 

The human female may secrete 1-1.5 liters of milk per day. re 
resenting roughly 70 gm. carbohydrate, 30 gm. fat, and 15 i 
protein. (These are not the figures used previously in calculatin, 
the caloric value of milk, but this is human milk, not cow's milk 
This milk will contain up to 2 gm. calcium phosphate, which er, 
phasizes the necessity for increasing the mother’s calcium intake 
during Jactation. 
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PHYSIOLOGY OF REPRODUCTION IN THE MALE 


The gross anatomy of the male reproductive system is shown in 
the accompanying sketch, It may be said at the outset that, for the 
male, reproduction is a much simpler matter than for the female. 
This extends far down into the animal kingdom as a physiological 
fact. The most basic difference, of course, is the male’s brief partic. 
ipation of begetting the offspring, in contrast to the female role as 
vessel for the unborn and then as caretaker during the extended 
period of infancy. Male-female differences are intensified in the 
human by menstruation and the life changes it brings about. The 
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man has no such upheavals; after puberty the 


and the secretion of the male sex hormone, 
until death; a man does not menstru 
nor have cause to dread me 
toward sex also differ betwe 

A man regards sex as 


production of sperm 
testosterone, continue 
ate, become pregnant, lactate, 
hopause. Small wonder that attitudes 
en men and women. 

a physiological drive, elicited by 
variety of more or less related stimuli, now and then 
an urgent need, and satisfied by engaging in the act 
To a woman, sex is all tied up with Love, Hom 
Neither sex seems capable of understanding, 
the attitudes of the other, 

Society's answer is the so-called “double standard,” with which 
no one is very happy either. An outgrowth of physiological differ- 
ences and different social roles, it says, in effect, “Woman, you in- 
vented Home. Now stay in it.” Taking her stand amidst her labor- 
saving devices, woman demands equal rights (to everything except 
standing up in the bus). So the troubles start, and no home, no 
business office, no modern way of life has escaped the male-female 
squabble. We cannot settle it here, nor add any new insights, only 
a humble wish that future generations might recognize and respect 
the basic physiological differences which involve privileges as well 
as limitations for each sex. 


a great 
amounting to 
of copulation. 
e, and Family. 
much less condoning, 


Reproductive Functions of the Testes 
Similar to the female ovary, the male testis has two names 

reproductive and an endocrine Shad ta eg, aie 

i erm (spemato . : : 

pi pa sa endocrine function a i 

early in life and soon distinguishes he hak ene of puberty, 

ters, The reproductive function begins w - ‘ in the female, at 

which occurs somewhat later in the male than , 


age of fourteen, , ess, 
ame mt ees described in chapter 5, is a continuous proc 
perma , 


: is is divided 
i ittent as is the production of eggs. The —s hree or 
not interm ber of compartments, or lobules, containing t 
aoe eee hese are tiny tubes, greatly bent an 
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ny cm: the combined length of all the seminiferous ty. 

is about 70 oe . almost 300 meters. In them, spermatogenesis 
bules is said hex ‘ 1 continued growth and multiplication of cells 
takes place. _ = voward the center. In addition te the “i 
fecima Be eit itch are on their way to becoming sperm, the 
ninferoUt tubules contain Sertoli or ering aca These 
are long cells which extend upward into the center o the tubule. 
At their tips, clusters of sperm are seen, and it is believed that the 
sperm derive nourishment from the sustentacular cells. . . 

The seminiferous tubules open into spaces along the inner side 
of the testis and from these spaces a number of small tubules 
emerge and fuse to form the epididymis, a single tube with many 
bends and twists. It forms a mass on the upper pole of the testis 
and descends to form a similar mass at the lower pole. It then ac- 
quires a muscular coat and ascends into the abdominal cavity as 
the vas deferens, usually simply called “the vas.” In the abdomen, 
the vas loops over the urinary bladder and opens into the urethra, 
a short distance below the urinary bladder. Quite near the blad- 
der, a pair of glands are found which open into the vas; these are 
the seminal vesicles. They secrete a fluid, which, on ejaculation, is 
added to the sperm. Surrounding the opening of the vas into the 
urethra, a second gland is found; this is the prostate; it also secretes 
a fluid which is expelled in ejaculation. The secretions of the semi- 
nal vesicles, of the prostate, and the sperm are collectively called 
semen. 

The male sex act introduces sperm into the vagina of the female. 
It consists of two phases, erection and ejaculation. Erection is 
brought about by stimulation of sensory nerve endings lying main- 
ly in the glans penis—a structure at the tip of the penis. The center 
in the spinal cord that controls erection also sends impulses to the 
hypothalamus of the brain, producing sexual sensations. It also 
f ecatves impulses from this region of the brain, by means of which 
psychic” influences are exerted. From the center, nerve impulses 
roieay cae ae Bnerape rin, Weber 
it, because of the present iin ip haggis another name given to 
nerve.” The tinantags unction, " nerui erigentes, or erector 

80 to the arterioles of the penis, producing 
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vasodilatation. At the same time, they « 
veins, blocking the venous outflow. ‘The 
pressure, collects in large 


ause constriction of the 
| blood, under high arterial 
1 sinuses, of which the erectile tissue 
penis is largely composed, Erection is thus entire 
and not a muscular phenomenon, 


of the 
ly a vasomotor 
If stimulation of the sensory nerve endings of the glans penis 
continues long enough, as during sexual intercourse, ejaculation 
follows. This results from contraction of muscle fibers along the 
epididymis, of the muscle wall of the vas, and of the urethra. 
Sperm tightly packed in the vas are moved along by these rhyth- 
mic contractions; the muscle elements of the seminal vesicles and 
prostate contract, adding their fluid to the sperm; and the semen is 
ejected. Orgasm—ejaculation plus the sensations of the sexual 
climax—is under the control of the sympathetics. The center also 
lies in the cord, but at a higher level. In animals with their spinal 
cords severed at still higher levels both erection and ejaculation 
still follow stimulation of the glans penis. 

Orgasm also occurs in the female. The clitoris-homologous to 
the male penis—also contains sensory nerve endings which when 
stimulated arouse sexual sensations. Continued stimulation of this 
region, as in sexual intercourse, produces the female orgasm, 
which is marked by contraction of the uterus, cervix, and vagina. 

The amount of semen expelled in an ejaculation is about 3 to 
4 cc., containing between 400 million and 500 million sperm. If 
the number of sperm is only 150-200 million, the male producing 
them is sterile. Since only a single sperm fertilizes the egg, 150 
million of them, one would think, would be adequate. The ex- 


planation is as follows: 


d from the follicle at ovulation, it is enclosed 
cumulus oéphorus. These cells are 


tightly cemented to the egg, and sperm are unable to —, T 4 
cementing substance (which is found in many other places in the body) 
is called hyaluronic acid. Sperm secrete a substance called hyaluronidase, 
an enzyme which dissolves hyaluronic acid. The concentration of hy- 
aluronidase secreted is roughly proportional to the number of sperm, 
and should that number be reduced, as indicated above, the concentra- 
tion of hyaluronidase is insufficient to dissolve the cumulus cells away 
from the ovum and hence no sperm can penetrate and fertilize the egg. 


When the egg is expelle 
by several layers of cells from the 
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Sterilization.—It_ was mentioned earlier | that sterilization ies 
sometimes performed to prevent the propagation of individuals 
ennai oe undesirable traits, especially teeblemindedness. Now 
that the reproductive systems have been described, the details of 
sterilization procedures may be explained. In the male, the opera. 
tion is very simple: the vasa are simply ligated ( tied shut’) or see. 
tioned first and then tied, There are reports that this operation js 
reversible, that later in life it is possible for the two cut ends to be 
brought together and sewed, so that the vasa again function. 

Female sterilization is a major operation since the abdominal 
cavity must be invaded in order to tie off the fallopian tubes. In 
neither case are the sex glands affected; they continue to perform 
their endocrine functions; for example, the menstrual cycle in the 
female continues. All that has been done is to prevent sperm from 


being able to fertilize eggs. 


Endocrine Function of the Testes 
Scattered about in the spaces between the seminiferous tubules 
are masses of cells, the interstitial tissue. It is the function of the in- 
terstitial tissue to elaborate the male sex hormone, testosterone. 
That it is the interstitial tissue which secretes testosterone is shown 
by the fact that if the testes are forced into the abdomen experi- 
mentally, the seminiferous tubules degenerate, but the interstitial 
tissue does not. Such an animal shows none of the effects which 
would follow castration, in other words, none of the effects which 
would follow withdrawal of the male sex hormone. Degeneration 
of the tubules is due to the higher temperature (about 2° C. high- 
er) in the abdomen than in the scrotum. The same things occurs 
in human eryptorchidism (failure of the testes to descend). The 
tubules degenerate and the individual is sterile; there is, however, 
no decrease in the amount of testosterone secreted. This, inciden- 
tally, points out the great vulnerability of the seminiferous tubules 
on ees fl sons sch at Xr dino, rai 
activity and ex _ S, etc. This is no doubt due to their el 
Posed position; bone marrow is even more active 


than are the semini 
iniferous tubules : the sur- 
rounding bone. , but is protected by 
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The functions of testosterone are demonstrated by what h 
pens when the animal is castrated. If a young animal is rns | 
accessory Sex organs—epididymis, vas, seminal vesticles, and penis— 
do not develop, and the secondary sex characters—body-hair distri- 
bution, deep voice, bodily configuration, aggressiveness, and other 
typically male psychic characteristics—fail to make their appear- 
ance. If the adult animal is castrated, accessory sex organs atrophy, 
and seminal vesicle and prostate secretion ceases. However, as was 
true in the female, the secondary sex characters remain and are 
relatively unaffected. 


Studies made in Germany following World War I of soldiers castrated 
by war wounds show the persistence of such characters. There was little 
change in voice, bodily configuration, or psychic traits unless the in- 
dividual acquired an inferiority complex because of his injury. Many of 
these men were married and were able to discharge their marital respon- 
sibilities to the complete satisfaction of themselves and their wives. Some 
decrease in libido was noted, but this was in older men, and may have 
been simply the result of age. (This study is described because there is 
no injury which young men called to war fear more greatly.) 


Testosterone was formerly obtained from bull testes; it was syn- 
thesized from cholesterol by Ruzicka and the synthetic product is 
used exclusively now. As is true of all sex hormones, it has been 
used in the treatment of every imaginable complaint, usually with 
a spectacular lack of success. However, in the treatment of hypo- 
gonadism, where the child’s accessory sex organs are underde- 
veloped, the use of testosterone has frequently achieved good 


results. 


Is There a Male Menopause? 

The question of the male menopause is a vexing one. It is per- 
haps significant that the term rarely appears 1n medical literature 
prior to the synthesis of testosterone. It is as if someone asked, If 
the female can have a menopause and be treated with estrin, why 
should not the male have one and be treated with testosterone? 
Of course, there is one big difference: the ovaries cease to function, 
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usually before the age of fifty, but the testes do not.* However, 
once someone had the idea, it proved surprisingly easy to sell, 
Many a man, around the age of fifty or sixty—when the body's 
machinery is slowing down a bit, and it is clear that his future will 
simply be more of the same—takes an inventory of his life, He re. 
views his youthful ambitions, and, because mediocrity 18 the rule 
and success the exception, he is disappointed at his lack of success. 
This leads to a feeling of depression, and depression is one of the 
most common symptoms of the female menopause. If it is then Sug- 
gested, even in jest, that he may be suffering from the “male meno. 
pause,” he is very likely to believe it. It is true that in some men 
the aging process proceeds more rapidly than in others, Because of 
disease, involution of the sex glands may occur. For these, testos- 
terone may prove useful, but for most men, the male menopause is 
strictly a myth. 

The aging process affects all parts of the body, particularly the 
heart and blood vessels, and is not due to failure of a specific organ, 
such as the testes. Beginning with Ponce de Leén and his search 
for the Fountain of Youth, the idea of rejuvenation, meaning the 
restoration of bodily vigor through some testicular agent, has had 
a firm hold on the human imagination. There was Steinback, for 
instance, with his testicular transplants. He wrote a book with 
photographs (‘‘before’”’—an old man, bent over his cane, unshaven 
and unkempt, with gravy spots on his vest; “after”—a dapper, 
erect, shaved, and slicked-up character, with a flower in his button- 
hole and a gleam in his eye). Then there was “Goat-gland” Brink- 
ley, who once ran for the governorship of Kansas and polled 250,- 
000 votes. He owned yachts, Cadillacs, 
which he advertised his “cures,” 
goat testes into humans 
have something of a rep 
tracts of goat testes. He 
the fact that goat testes 
among animals as close 


and a radio station, over 
At first, he actually did transplant 
(goats were probably chosen because they 
utation for virility); but later, he used ex- 
had thousands of testimonials, in spite of 
could not possibly grow in a human. Even 
ly related as mice and rats, a mouse testis 


knew a man, a Texan, who fathered five children when he was between 


i 
penises and eighty-five years old, all normal and unblemished, save for the 
at each inherited the slight cast he had in one eye. 
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will not grow in a rat nor a rat testis in a mouse. And so one won- 
ders a little about the use of testosterone in the male meno c 
Could this not be a little of the old “Goat-gland” Brinkle idea 
dressed up a bit in modern science, but aiming at the same reniip 


SEX DEVIANTS 

Only brief mention will be made of such sexual abnormalities 
as hermaphrodism and homosexuality. Cases of true hermaphro- 
dism, where the individual possesses both ovaries and testes, are rare. 
Partial hermaphrodism, where the external genitalia show charac- 
teristics of both sexes, is relatively common. Most cases are con- 
genital, being due to some abnormality in embryologic develop- 
ment, and many cases can be corrected surgically. The true sex of 
such individuals can now be determined by microscopic examina- 
tion of their tissue cells. All female cells show a darkly-staining 
mass in the nucleus which is thought to be the fused X chromo- 
somes. 

Many efforts have been made to explain homosexuality on a hor- 
monal basis. In a sense, there is no such thing as pure maleness or 
pure femaleness. Males produce some estrin along with the testos- 
terone and females produce some testosterone along with the 
n. Perhaps the effeminate male secretes more estrin than he 
should; perhaps the masculine type of woman secrets more testos- 
terone than she should, and finally, homosexuality itself may be 
due to a hormonal imbalance. The theory is attractive, but there 
is absolutely no evidence that it is true. 

All in all, the human has a lot of trouble with his sex life, main- 
ly because he thinks about it too much; that is to say, because, with 
him, psychic influences are more important than physiologic influ- 
ences. In the case of lower animals, such as the rat or the dog, the 
female is only receptive of the male when she is in heat, which, for 
the dog, for example, is only one week each six months. At that 
time, of course, she will welcome any dog, but the rest of the time 
she has no thought of sex, and can devote all her attention simply 
to being a dog. The human female, on the other hand, is receptive 
most of the time, but is, or should be, receptive of only one man, 


estri 
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her husband. And the male is, in essence, polygamous. This is 


bound to lead to many difficulties, frustrations, and complicateq 


situations. 


VENEREAL DISEASE 

The two chief venereal diseases are syphilis and gonorrhea. To. 
day both are easily cured with penicillin. Perhaps for that very 
reason, they are nearly as prevalent as ever. ‘They have not, by any 
means, been “wiped out.” Reported new cases of syphilis increased 
by 7 per cent in 1956 over 1955, mostly among late teenagers. So a 
few words concerning them may be in order. 


Syphilis 

This is a comparatively new disease; at least there is no record of it 
in medical literature prior to the return of Columbus’ sailors to Europe 
following the discovery of the Americas.* Many of Columbus’ sailors 
found employment as mercenaries in the armies of various European 
kings and princes, and the spread of syphilis can be traced by the move- 
ments of those armies. At first, the venereal nature of the disease was 
not recognized; each country blamed the other. To the English, it was 
the “Scottish disease,” to the French, the “Italian disease.” Finally, a 
poet by the name of Fracostorio wrote a poem about it in which the 
chief character was a swineherd by the name of Syphilos; by common 
consent his name was given to the disease. 

It is interesting that within a few years of its introduction, a method 
of treatment was discovered. The famous Renaissance physician Para- 
celsus, in an effort to improve on the Hippocratean theory that all dis- 
ease was due to imbalances of the “humours,” added to the humours 
certain elements such as sulfur and mercury. Mercury had always been 
a favorite plaything for the alchemists and was easily obtainable. Some- 
ple fa got the idea that lack of mercury in the body was the 

ypauis, and that it should, therefore, be administered to the 


* . 
Just what they brought back with them is not certain. There is a relatively 


minor disease called aws, which i . ich i - 
mon in the West ice “3 ich is also caused by a spirochete, and which is com 


population produced in it th 


» Measles, not a very serious diseas¢ 


among us, when introd i - 
of a population of 150,000 people. the Sandwich Islands in 1775, killed 40,000 out 
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yatient. Strangely enough, mercury is a fairly good spirocheticide (an 
agent which kills spirochetes), and its use in the treatment of s shilis hi 
continued until comparatively recent times. oe 

Hundreds of years passed, and we come to the days of modern 
medicine. Koch and his colleagues identified many disease-causing 
bacteria; Pasteur developed the principles of immunization; but 
the cause of syphilis escaped detection. This was because the spiro- 
chete stains very poorly and could not be seen under the micro- 
scope. Schaudinn and Hoffman in 1905 developed a new method 
of using the microscope, letting light fall in from the side rather 
than from below (dark field microscopy). The light would then be 
reflected, rather than transmitted; and so, for the first time, the 
spidochete was seen. It turned out to be a spiral-shaped organism, 
about ten micra long, and highly motile. It was called Spirocheta 
pallida. (Bacteriologists change the names of their little pets from 
time to time; it is now called Treponema pallida.) 

In 1906, Wasserman announced a diagnostic test for syphilis, 
which was named for him and which is still widely used, although 
other tests, such as the Kahn test, are now available. This is impor- 
tant because syphilis, in its earlier stages, shows no characteristic 
symptoms. In fact Osler called it ‘““The Great Imitator.” 

In 1907, Ehrlich announced the discovery of arsphenamine (‘‘sal- 
varsan”; ‘606”). He simply went down the shelves of his organic 
chemistry laboratory and tried each and every chemical to see 
which would kill spirochetes. It soon appeared that compounds 
containing arsenic were effective. He began to synthesize arsenic- 
containing organic compounds, and the 606th compound was ars- 
phenamine. Arsphenamine was the drug of choice in the treatment 
of syphilis for many years. 

In its later stages, syphilis may attack the brain and cause insanity 
(paresis), In 1914, Von Juaregg at Tulane University in New Orleans 
made the observation that although there was a great deal of syphilis in 
that region, there was very little paresis. He wondered whether the pres- 
ence of some other disease might somehow prevent the attack of spiro- 
chetes on the brain. He settled on malaria, then also widely prevalent in 
those parts. So he began giving patients with paresis malaria, and found 


that they improved greatly. Malaria is marked by periods of very high 
fever, and the fever proved to be the helpful factor. 
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It did not seem quite scientific, however, - ao Fe disease by Siving 
the patient another. Other ways of deg f e : y temperature were 
tried—electric plates, hot blankets, and finally, a device called the “hy. 
pertherm” was developed, in which the patient was simply cooked” Ese 
a few hours. This was found to be just as satisfactory as malaria, and the 
hypertherm has been used in the treatment of other diseases as well. It 
probably works on the very common principle of increasing the rate of 
chemical reaction, such as the reaction of a certain drug against a certain 


organism. ; 
Finally, we come to the greatest achievement of all, not only in regard 


to syphilis but many other diseases—namely, the discovery of penicillin, 
in 1928, by the late, great Dr. Alexander Fleming. 


Penicillin as a Cure 

The story of penicillin has been told many times. What Fleming 
did was to use a phenomenon that many bacteriologists had ob- 
served but done nothing about. In certain bacterial cultures, clear 
spots appear in the general cloudiness of the plates, spots where 
the bacteria have obviously been killed. Others had noticed this 
before, had cursed a few round curses, thrown the cultures away, 
and started over; but Fleming wondered what had killed the bac- 
teria. He found that spores of a certain mold, Penicillium notatum, 
had fallen into the culture, had begun to grow, and were produc- 
ing something which killed all the bacteria in the neighborhood. 

Twelve years elapsed between this discovery and 1940, when 
Flory announced the preparation of penicillin on a commercial 
basis. At first, its preparation was difficult and only small amounts 
were available, these going to the armed forces. As newer methods 
were found for growing the mold and extracting penicillin from 
the medium, it became more readily available. Thus in 1943 
twenty-nine pounds of penicillin were made, the value of which 
was $100,000 per pound; in 1953, 750,000 pounds were made at a 
value of $65 per pound. Today the cost of the glass ampoule and 
the label is frequently more than the value of the penicillin which 
ia sclecia tay ntains—pre-consumer costs, that is. = 
tholiy. Sep Esl ig groups, according to their staining reac- 
oniicad sili oh pepe stain. All bacteria take it up, but when 
will give it u - o!, on€ group will retain the stain, and the other 

P to the alcohol. The first group is called gram-positive 
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and the second, gram-negative. This difference in 
ty probably reflects a fundamental difference in th 
the cell, since the first group, the gram- 
penicillin, and the gram-negative grou 


taining proper- 
ce e€ membrane of 
positive group, is killed by 
Pp (with one important ex- 
ception—the gonococcus) is not. Penicillin is therefore effective 


against the many diseases caused by gram-positive organisms, in- 
cluding pneumonia, throat infections, and some types of bladder 
infections, but not tuberculosis or typhoid fever. Against the ve- 
nereal diseases, the success of penicillin has been spectacular. A 
single a caaaaaiay of 2.5 million units is usually sufficient for the 
freshly acquired case. At first, penicillin was given in aqueous solu- 
tion, but it is rapidly excreted by the kidneys, and the injection 
had to be repeated every few hours. (In the early days, when peni- 
cillin was difficult to obtain, sometimes the patient’s urine was ex- 
tracted and the penicillin used over again.) Now it is incorporated 
with a fat, such as aluminum stearate, and a single injection will 
maintain a high blood level for as long as three days. Compare this 
to the treatment of syphilis before penicillin. A year, sometimes 
two, were spent in treatment—usually a course of arsphenamine 
followed by a course of a heavy metal, such as bismuth, and even 
then, there was no assurance of cure. 

Unfortunately, the convenience of present day methods of treat- 
ment has reduced much of the fear with which syphilis was former- 
ly regarded. Plus this, syphilis still is, to some extent, a hush-hush 
disease; and because of the stigma attached to it, many people do 
not seek medical treatment, but instead go to quacks. Asa result of 
these factors, the disease is indeed far from being ‘‘stamped out.” 
The incidence of syphilis is unknown, but it is estimated that be- 
tween a quarter of a million and half a million new cases are ra 
quired every year, giving some idea of the magnitude of the prob- 


lem. 

The course of the disease is usually as follows: (1) The pe ny 
This is the stage marked by the appearance of the chancre, or u - : 
the site where the spirochetes made their entrance, on the penis of tne 
male or within the vagina of the female. It appears from ten to twenty- 
one days following intercourse, and it is during this stage that pent- 
cillin is most effective. Spirochetes do not, at first, seem to feel at home 
in the new host; they remain in or near the chancre for some time be- 
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. ; tream. The disease is, of course, most infec. 
fore mapa Dt hy secondary stage. This stage lasts for months, 
fous ei  E ple by no clear-cut symptoms; not even the skin 
nih ag typical, but may resemble acne or some other skin disease, 
There is general malaise, lack of ambition, easy fatigability. The 
man’s hair may fall out; he will have frequent headaches; but nothin 
more definite. (3) The tertiary stage. This may occur years later, long 
after the original infection has been forgotten. Spirochetes have two 
favorite sites where they tend to settle down for an all-out attack. These 
are the walls of the arteries and the central nervous system. The walls 
of the coronary arteries are especially favored; here they may cause 
coronary thrombosis, as has been described. Either the spinal cord may 
be attacked (tabes) or the brain (paresis); in the latter case, brain tissue 
may be so completely destroyed that the patient first becomes insane, 
then paralyzed; the highly descriptive name dementia paralytica is 
given to this condition. Unfortunately, these old cases of syphilis are 
highly resistant to penicillin; one can only wait for them to die and 
hope that penicillin will prevent the appearance of more of them in 
the future. 


While syphilis is usually acquired during sexual intercourse, 
some cases are acquired congenitally, that is, the baby may have 
become infected within its mother’s uterus. Many such fetuses die 
and are aborted—syphilis is a common cause of abortion; others 
are born dead (stillborn); and others are born with obvious signs 
of the disease. It is for the prevention of such cases that premarital 
examination laws have been enacted in most states. If such laws 
leave everything to the judgment of the physician, and if the physi- 
cian is conscientious, they are good laws. The incidence of congen- 
ital syphilis has been greatly lowered in recent years through the 
treatment of pregnant, syphilitic mothers with penicillin. Before 
penicillin, the chances of a syphilitic mother’s having a syphilitic 
child were four out of five; now, with proper treatment during the 
Pregnancy, she will never have a syphilitic baby. 

Although the spirochete, outside the human body, is a very 


heat and drying, it is neverthe- 
ygienic respect. In a warm, moist 
y-four hours. In the past, a few 
; t acquired in barbersh d beauty parlors, 
but with ae , ops an eauty p 
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Gonorrhea 


Although gonorthea is easy to treat with 
than syphilis, this has not reduced its incid 
the incidence of this disease seems to be o 
rhea in the male is usually an infection of 
sionally the gonococcus may invade the bod 
tions where it may cause such things as gonorrheal arthritis, gonor- 
rheal Menge, etc. In the female, it may ascend the fallopian 
tubes and infect them, causing a so-called “pus tube,” which in the 
past had to be removed surgically and destroyed the fertility of 
that ovary. 

It is clear that with the advent of penicillin the venereal diseases 
have lost much of their terror, but their incidence has not greatly 
decreased. This is not a hopeless situation, however. Sufficient time 
has not elapsed since the introduction of penicillin for it to have 
had much of an impact on the incidence. One can hope that in 
time at least all prostitutes can be treated and cured; this alone 
should result in a decrease in the number of fresh cases. 


Penicillin, even easier 
ence; on the contrary, 
n the increase, Gonor- 
the urethra, but occa- 
y and reach other loca- 


An earlier chapter characterized the endocrine system as serving 
an integrating, coordinating function in the body. The nervous 
system has a similar role. There are two main divisions of the 
nervous system: the autonomic, or involuntary, division, already 
considered briefly and to which we shall return later in this chap- 
ter; and the somatic, or voluntary, division. 

The functions of the voluntary division depend on its two most 
remarkable properties: (1) sensitivity to changes in the environ- 
ment, and (2) the capacity to respond to such changes. This at once 
defines the two kinds of nerve fibers: sensory fibers, attached to re- 
ceptors which are stimulated by change; and motor fibers, which 
carry impulses to muscles, making it possible for the muscles to 
respond to that change. Connections between sensory and motor 


fibers lie within the central nervous system, which influences the 
response in various ways. 


MICROSCOPIC ANATOMY 

The unit of Structur 
cell. The accompan 
motor, and connect 


e of the nervous system is the neuron, or nerve 


ying sketches show the three varieties: sensory, 
ing neurons, 
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the Motor Neuron 


The sketch of a typical motor neuron sho 
aeperaner axon—which conducts the nerve impulse away from 
the cell body. A number of short processes (dendrites) receive the 
nerve impulse and transmit it toward the cell body. 

It will be noted that chromatin granules are found outside the 
nucleus of the cell; these are called Niss! bodies. The inability of 
neurons to divide* is perhaps explainable on this basis. We have 
seen how important the chromatin material is in forming the 
chromosomes and how important a specific number of chromo- 
somes iS in a given species; it would seem almost impossible for a 
cell to divide with a portion of the chromatin material scattered 
around in the cytoplasm outside the nucleus. One might ask, How 
do tumors of the brain arise if the neurons cannot divide? The 
answer is that there is present throughout the brain a special kind 
of connective tissue, the glia. This tissue does not consist of 
neurons and has nothing to do with conducting nerve impulses. 
These cells can divide—and do—and brain tumors always consist of 
this type of cell. (It is interesting to speculate on what would hap- 
pen if a tumor did consist of neurons. Say it arose in the part of the 
brain where intelligence is centered—what a “brain” such a person 
would be!) 

A short distance from its origin, the axon acquires two sheaths, 
the myelin sheath and the sheath of Schwann, or neurilemma. The 
myelin sheath has already been mentioned in connection with 
galactose, which is necessary for its formation. Its function seems 
to be to serve as an insulator so that a nerve impulse passing down 
a given axon will not “leak” to another, which might go to an en- 
tirely different muscle. The function of the sheath of Schwann 1s 
shown by what happens when a nerve 1s cut. . 

Following the cutting, the peripheral end undergoes ye de 
(this was first described by Waller and is often called ‘Wa eo a 
generation”); the axon, which is a protoplasmic extension of the ce 


: : i lasm depends on its 
body, dies, since, for some reason, the life of protop 
being continuous with the cell nucleus. With the death of the axon, the 


ws the single long ex- 


ee . nce at an 
* At birth the child has all the neurons it will ever have; even attenda 


Ivy League school will not increase that number. 
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ath breaks up—it Jooks like a vapor trai] from an airplane 
)—and the sheath of Schwann collapses. However, this shear}, 
lent cells, each with its own nucleus, and therefore 
it survives. Now, if the proximal end (the end toward the cell body) of 
the axon can find such a collapsed tube to crawl into, it dots aed 
eventually reaches the muscle again. As it grows, it synthesizes anothe; 
myclin sheath around itself. Until this happens, the muscle fiber sup. 
plied is, of course, paralyzed. J he fibers in the white matter of the spina] 
cord and brain do not possess sheaths of Schwann. For this reason they 
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cannot regenerate, and any cutting or injury of these fibers is therefore 


permanent. 


Regeneration occurs in different nerves 


at different speeds, rang- 
ing from 0.5 to 4.5 mm. go 


am. per day. Thus, the phrenic, cut in the 
neck, will regenerate in about six months, while 


a nerve going to 
the foot and cut near the spinal ee 


cord would require a year or more. 
The Sensory Neuron 


These have a single, long dendrite, at the end of which is a recep- 
tor of some sort. Their cell bodies lie outside the brain and spinal 
cord proper; they lie in the dorsal root ganglia in the cord and in 
corresponding structures in the brain. Their dendrites have 
sheaths of Schwann and regenerate when cut. Before regeneration 
has occurred, the particular “sense” which this fiber subserved is 
lost; after regeneration, it is regained. 


Connecting Neurons 


These are of all shapes and sizes; a few are shown in the sketch. 
They are found in the gray matter of the brain and spinal cord. 
They are very small and, consequently, very numerous; there are 
said to be ten billion of them in the cerebral cortex alone. They 
are connecting neurons in the sense that they form connections 
through which the nerve impulse must pass after coming in over a 
sensory neuron and before departing over a motor neuron. The 
“influence” which the central nervous system imposes on the motor 
response represents the activity of the connecting neurons. 


GROSS ANATOMY 

Anatomically, the nervous system consists of two divisions. The 
first is a central axis called the central nervous system; this includes 
the brain and the spinal cord. The second division is the peripheral 
nervous system, which consists of thirty-one pairs of spinal nerves 
and twelve pairs of cranial nerves. 


Central Nervous System 


Both the brain and the spinal cord, when sectioned, show two 
regions visible to the naked eye, namely, gray matter and white 
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matter. If the cord is cut, the gray matter lies in an H-shaped coly 

n the center and is surrounded by white matter, In the brain 
gray matter is at the surface and the white matter inside, ire e 
that there are many masses of gray matter scattered around with; t 
the white matter. These masses are called nuclei (not to be Pie 
fused with a cell “nucleus’’), and many of them will be describeg 
later. . P 

Wherever found, gray matter consists primarily of connectin 
neurons and the cell bodies of motor neurons. Neither the cel] 
bodies nor their processes within the gray matter possess a myelin 
sheath; the picture is that of protoplasm and little else, hence, the 
“grayness.”’ 

White matter, wherever found, consists of fibers, some carrying 
impulses up, some down, but always covered with a thick layer of 
myelin. Myelin is a fatty substance, and fat is white; thus, here the 
picture is one of “whiteness” due to the fatty coats. It is true that 
the fibers which are surrounded by myelin are protoplasmic proc- 
esses, but their diameters are small, and the overwhelming picture 
is that of fat. 


Peripheral Nervous System 


A nerve is simply a bundle of axons, dendrites, or both, large 
and small. As they leave the central nervous system, there are 
thirty-one pairs of spinal nerves and twelve pairs of cranial nerves; 
however, after leaving, they divide into any number of smaller 
branches and each of these branches is called a “nerve.” It is like 
the arterial system, in which branches take off from the aorta and 
divide into smaller and smaller branches, yet each of these is called 
an “artery.” For the present discussion, however, we will use the 
word “nerve” to designate the large bundles of fibers as they 
emerge from the brain or from the vertebral column. ; 
a te me Ty em ee 
ative towers ie : and axons of motor neurons. eens ‘fui 
(but outside the « he we find that inside the vertebra : ae 
The one toward he ‘ ine . divides into twa braces cnitait 
only the dendrj BON OF UG body is the dorsal pica? ir these 

nerites of sensory neurons. The cell bodies of 
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DORSAL ROOT 


DORSAL ROOT 
GANGLION 


SPINAL NERVE 


VENTRAL ROOT 


SPINAL NERVE ROOTS 


sensory neurons lie in a mass called the “dorsal root ganglion.” The 
peripheral portion of the root contains the dendrites of the sensory 
neurons; the central portion contains their axons. 

The root lying toward the front of the body is the ventral root; 
it contains the axons of motor neurons whose cell bodies lie in the 
gray matter of the ventral horns of the cord. As has been said, 
there are thirty-one pairs of these spinal nerves; from the top down 
they are: eight pairs of cervical spinal nerves (lying in the neck), 
twelve pairs of thoracic spinal nerves (lying in the thorax), five 
pairs of lumbar spinal nerves (in the upper back), five pairs of 
sacral spinal nerves (in the lower back), and one pair of coccygeals, 
which are located at the extreme lower end of the vertebral 
column, 

The cranial nerves.—Some of these are purely sensory, some 
purely motor, and some are mixed. The structures in the sensory 
cranial nerves corresponding to the dorsal root ganglia of spinal 
nerves often lie well outside the brain. For instance, in the case of 
the eye, the structure lies in the retina. For the mixed cranial 
nerves, structures analogous to the dorsal root ganglia lie on the 
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assification table of the cranial nerve 


: : S May 
re more will be said about them. 


surface of the brain. Acl 
a BRS the 
be found on page 535, whe 


HOW NERVES FUNCTION . . 

While one could say that a neuron Is a functional unit since jt 
conducts the nerve impulse, for anything to happen as a result of 
this impulse, a reflex arc is necessary. At the ending of any sensory 
nerve is a receptor; stimulation of the receptor evokes a nerve 
impulse. This travels inward over the sensory dendrite, into and 
out of the sensory neuron’s cell body, and into the spinal cord by 
way of the axon of the sensory neuron. Here it passes through a 
greater or smaller number of connecting neurons (and is subject to 
what we have called the “influence” of the central nervous system), 
and then the impulse is transmitted to motor neurons, passing 
down their axons to muscles and producing some type of muscular 
response. This is the simplest of all reflex arcs. One of the simplest 
of all reflexes, from the standpoint of the number of neurons in- 
volved, is the knee jerk, which is diagrammed on page 529, Here it 
is thought that only one connecting neuron lies between the sen- 
sory neurons on one side and the motor neurons on the other. 


Law of Bell-Magendie 


That the impulse passes in the manner described, and never in 
the reverse direction, was demonstrated independently by Bell and 
Magendie. They cut the dorsal root of a spinal nerve and stimu- 
lated first the peripheral and then the central end. Stimulation of 
the peripheral end gave no response at all; stimulation of the cen- 
tral end produced a muscular response. Then, on another nerve, 
they cut the ventral root. Stimulation of the peripheral end gave a 
muscular response; stimulation of the central end evoked nothing. 
Thus, the Bell-Magendie Law states: The dorsal root of a spinal 
nerve is purely sensory; the ventral root is purely motor. Many 
po enalgis use the term afferent (“conducting inward”) in place 
ead em somting our orn Th 
impulses is concerned: h Were oh Mie dlveatiin of flow ot apie 

» Nowever, they sound very much alike and 


are easy to 
ie y confuse. We therefore use the more functionally ae 
plve terms sensory and motor 
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Nature of the Nerve Impulse 


If a motor nerve is stimulated, a mu 
clear that something has Passed from 
This “something” is called the nerve i 
know everything about the nerve j 
primarily an electrical phenomenon 

At rest, the nerve fiber js 
the outside and negatively 
cell membrane at this time 


the concentration of potassi 
outside, 


polarized; that is, it is positively charged on 
charged on the inside. This is because the 
is permeable only to potassium ions. Since 
um inside the cell is much greater than it is 
potassium ions migrate out. Potassium ions bear a positive 
charge, so the outside becomes positively charged, while the chlorine 
ions left inside give the inside a negative charge. When the fiber is stimu- 
lated in any way—chemically, mechanically, or electrically—the prop- 
erties of the membrane are changed, thereby making it permeable to 
other types of ions. Sodium is present outside in higher concentrations 
than inside; so, with the increased permeability making the migration 
possible, it migrates toward the inside. This results in an increased 
positivity inside and an increased negativity outside. In fact, more so- 
dium ions migrate inward than there were potassium ions outside, so 
that the net effect is the development of a negative charge on the outside 
of the membrane. This process is called depolarization. It was formerly 
thought that the depolarized area was only less positive (and therefore, 
negative) to the regions on either side. It is now known, however, that 
the negative charge of the depolarized area is an absolute one, having a 
value of around 40 pv. (microvolts). _ 

At either end of the depolarized area, positive and negative charges 
neutralize each other, and the region of depolarization progresses along 
the nerve fiber in both directions from the stimulated point. About 5 oa 
behind this moving wave of depolarization, repolarization apo 2 ” 
process is the reverse of depolarization; sodium ions are ceed “4 gh 
the outside, potassium ions re-enter, and the Lin et Pein 
membrane to sodium ions is then restored. This means forcing 
. : . i tration, and this in turn means 
ions out into a region of higher concen , . te ibs 

i 1 to them. The source of this energy 1s the 
that energy must be impartec 

burning of glucose and other foods. . 
We then visualize the nerve impulse as a moving wave of de- 
oe . ing wave of negative charge, passing 
polarization, that is, a moving Laalciniiadtenl “ree 
rapidly along the nerve fiber. The length of the depolar area, 
or impulse, is about 5 cm., and it travels in a large nerve fiber at 


the rate of 100 m. per second. 


Conduction in the Nerve Fiber 
clear that the fiber conducts the nerve impulse 
lly well in either direction. This can be demonstrated by 
equa ; ) | ) 
; ing a galvanometer on either side of the point of stimulation 
ae ‘ ‘ ‘ - : , 
ane galvanometer needles will register the passage of the nega. 
tively charged wave. However, at the synapse, or point where the 
impulse passes from one neuron to another, this is not true, and 


Properties of 
ft should be 


one-way conduction is the rule. . . 

Velocity of the nerve impulse.—The velocity varies greatly in 
different nerve fibers, from 100 m. per second in large fibers to as 
slow as 0.5 m. per second in small, nonmyelinated fibers. 


It is interesting that Johannes Mueller, one of the founding fathers of 
neurophysiology, believed that the nerve impulse travelled with the 
speed of light, 186,000 miles per second, By means of a very simple, but 
ingenious experiment, Helmholtz, a physicist, showed how wrong Muel- 
ler had been in his assumption, He dissected as long a nerve as was 
possible, with the muscle which it served and recorded the muscle’s con- 
traction on a rapidly revolving drum. When the end of the nerve fiber 
most distant from the muscle was stimulated, the muscle contracted, but 
when the end of the fiber nearest to the muscle was stimulated, it con- 
tracted sooner. The difference in time was, of course, the time occupied 
by the passage of the nerve impulse through the fiber. This turned out 
to be a velocity of 100 m. per second, which is relatively fast (about ten 
times as fast as a man can run) but nothing like the speed of light. 


Under good physiologic conditions, that is, with an ample sup- 
ply of food and oxygen being supplied, the nerve fiber is indefati- 
gable. The time required for repolarization (the refractory period) 
is short, but long enough to permit the burning of enough glucose 
to supply the energy for it. Even outside the body, a nerve fiber 
will continue to conduct the nerve impulse for long periods of 
time because of the food stored within the fiber. 

Stimuli of increasing intensity.—If a stimulus so short in dura- 
tion as to evoke one single nerve impulse is applied, it will be 
found that increasing the strength of the stimulus will not result 
calla Derg in the voltage of the negative wave, nor any in- 
ie be fp with which the nerve impulse passes along 
lnw;* meaning 2 on the nerve impulse obeys the “‘all-or-none 

it responds at all, it responds to the maxt!- 
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NERVE IMPULSES IN QUIET BREATHING 


ttt —— ttt Ht!" 


IMPULSES WHEN BREATHING COz 


mum of its ability. Such a stimulus, however, would have to be one 
not lasting more than 1/2,500 of a second; in the human body, 
stimuli of such short duration never occur. If a stimulus of longer 
duration, or a continuous stimulus, is applied and its intensity is 
increased, again there will be no increase in the voltage of the in- 
dividual negative waves, nor any increase in velocity, but there 
will be an increase in frequency, that is, an increase in the number 
of impulses per unit of time; they will follow each other along the 
nerve fiber with shorter intervals in between. This is illustrated in 
the above sketch. 


Properties of Conduction in the Reflex Are 

In the reflex arc the nerve impulse enters over a sensory nerve 
axon and is transmitted through several connecting neurons and 
eventually to the motor neuron through which it flows to reach a 
muscle. The point where it passes from the axon of one neuron to 
a dendrite, or cell body, of another is the synapse. At the tips of the 
fibrils of the axons are specialized bodies called the terminal but- 
tons. These lie on the surface of the dendrite or of the cell body of 
the neuron into which the nerve impulse is transmitted. 

There will be, as we shall see, many axons making connections 
with the motor neurons of the spinal cord and there will be, 
correspondingly, a large number of terminal buttons on its sur- 
face, some neurons having as many as a hundred or more. At one 
time it was thought that the protoplasm was continuous through 
the synapse; this is now known not to be true. The synapse is the 
ending of one neuron and the beginning of another. This imposes 
certain conditions on the transmission of the nerve impulse. These 
properties will now be described and an attempt to explain them 
will be made later. 
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Direction.—We have seen that the fiber conducts equally ye) in 

However, in the synapse, the (TAN sission : 
from the axon to the dendrite—neyey the re . 
uttons acted as one-way valves, perm 


either direction. 
strictly one-way, IT" | 
It is as if the terminal b | ~ 
the impulse to flow through them into the adjacent cell, jy, m 
capable of excitation by a nerve impulse coming from the opposite 


VOT Se 


direction. ; 

Synaptic delay.—When a nerve impulse reaches a SYNApse, jy 
does not immediately flow through, but encounters a delay which 
may be from one to three sigma (a sigma is 1/1000 of a second), 
This does not seem like a very long delay, but in that length of 
time, the nerve impulse might have gone two hundred millimeters 
further on its way, Also, this delay is encountered at cach synapse; 
therefore, the more neurons in the arc—which is another way of 
saying the more complex the arc and the more complex the reflex 
activity accomplished by the use of the arc—the greater will be the 
delay. 

Fatigue.—Although the nerve fiber, under normal conditions, 
is indefatigable, the reflex arc is subject to fatigue. This can be 
demonstrated by stimulating a sensory nerve and recording the 
outflow over a motor nerve with which it makes contact. It will be 
found that within a few minutes no negative waves appear in the 
motor nerve, although the sensory nerve is still transmitting, The 
fatigability of synapses differs greatly from one part of the central 
nervous system to another, as does the rate of recovery from fa- 
tigue. It is probably this variation that permits continued activity 
over long periods of time (in some cases several days) of some por- 
tions of the central nervous system, while others become inactive 
within a few minutes, Everyone has noticed, for example, that in- 
tense mental concentration is possible for only short periods of 
ome, but a short rest period restores the ability to go on with the 
activity, 


vmmation.—If a given sensory nerve is stimulated weakly but 


adequately enough for it to transmit an impulse as far as the 

«i hci nerve may not discharge because the or 

intensity, the passed. If the stimulation is continued at the * ; 
, motor nerve wil] finally discharge. It is as thous 
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each arriving impulse had left some “effect’ 
to the “effects” of succeeding impulse 
to break through. This is called tempor 
in respect to time. Another type 
tion. Many different sensory neurons may be in communication 
with a given motor neuron. If one of these is weakly stimulated, no 
effect will be produced, but if a number of them are stimulated 
simultaneously, the motor nerve will discharge. 

Irradiation.—If the intensity of stimulation is increased, more 
and more motor nerves will respond. Thus, if one weakly stimu- 
lates the sole of a dog’s foot in a manner capable of producing pain, 
the foot will be raised; if the intensity of the stimulation is in- 
creased, the leg will be flexed; and if increased still more, the Oppo- 
site leg will be extended (‘‘crossed extensor reflex’). The purpose, 
of course, is to get the foot as far away as possible from the stimu- 
lus. It is as if there were a spread, or radiation of effect, which in- 
creases as intensity of stimulus is increased. 

After-discharge.—When a strong stimulus has been applied for 
some time and is then discontinued, there will continue to be a 
discharge over the motor neurons which may last for some seconds 
or even minutes. It is, then, as though a stimulus to the motor 
neurons continued to be applied, even though the sensory nerves 
were no longer being stimulated. This is typical of brain activity; 
you will have noticed how sometimes a single stimulation—the 
mere sight of some person or the hearing of a certain sound—will 
set into motion a whole chain of mental processes, memories, or 
emotions. 

The central excitatory and inhibitory states.—As has been said, 
4 given motor neuron is constantly receiving nerve impulses from 
many different sources. Some of them have the effect of making the 
motor neuron more responsive to the inflow of nerve impulses over 
a given sensory nerve; this is called excitation. Others have the op- 
Posite effect, causing it to be less responsive, or inhibiting the 
effect of nerve impulses coming in over sensory fibers. This is inhi- 
bition. One speaks then, of two states existing at the same time, a 
central excitatory state and a central inhibitory state; and the ex- 


" behind, which, added 
s, built up enough “effect” 
al summation, or summation 
of summation is spatial summa- 
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citability of a given motor neuron, at any time, is the 


? resultant ” 
the net strengths of these two states. We will encount of 


er €Xam | 
of these states later. Dles 


The Chemical Transmission Theory 

The above has been a listing of some of the most importan 
properties of conduction in the reflex arc. One thing must ‘ae 
impressed you, namely, the relative independence of the final 
motor neuron of the nerve impulses reaching it. For instance, jt 
permits impulses from other neurons to enter only—never to leave. 
In this final motor neuron, the passage of the impulses can be de. 
layed, their effects can be added together, some nerve impulses can 
increase the reactivity of the neuron, others depress it, etc. For all 
this there must be an explanation; and that explanation jis at. 
tempted in the “Chemical Transmission Theory.” This takes Us 
back to Loewi and the heart (chapter 4). It will be recalled how 
Loewi demonstrated that the action of the vagi in slowing down 
the heart was not a direct effect of nerve impulses acting upon the 
heart, but resulted from the secretion of a chemical substance, 
acetylcholine, at the nerve endings. This at least proved that nerves 
could secrete. Cannon demonstrated that nerves secrete acetylcho- 
line at synapses. If the nerve entering a sympathetic ganglion is 
stimulated, acetylcholine will be found to be present in the 
venous blood. Knowing then that neurons can secrete acetylcho- 
line, and that they do secrete acetylcholine at synapses (at least in 
sympathetic nerve ganglia), let us apply these findings in an at- 
tempt to explain the peculiar properties of conduction in the 
synapses of the central nervous system, 


To begin with, if one assumes that only the terminal buttons os 
capable of synthesizing acetylcholine, one has, at once, the explana 
for one-way conduction. If neither the cell body nor the dendrites = 
synthesize this substance, they are incapable of stimulating the po 
The delay in conduction through the synapse would represent “> stan- 
required for the synthesis of acetylcholine; this would not be ae ac: 
taneous process but would require a little time. Fatigue WOU whic 
counted for by a temporary using up of the raw material from w ma 
acetylcholine js manufactured; in some places, the supply ° - 


pulse were to 
impulse might not be enough, 


cetylcholine would be added to 
t already there, plus more from the next, etc., until a sufficient con. 
tha motor nerve to discharge. 
cetylcholine produced by 
ve were not enough, that 
hers might be. Irradiation, 
trong stimulus are applied, 
would diffuse over larger 
rons, 
The central excitatory state would result from the continued secretion 
of acetylcholine on the part of the neurons involved; there would “ip 
be some of it there and only a little Sena would be required to 
ne otor neuron to respond. 
hed hg however, we run ‘Pes an impasse. The central pid 
state cannot be explained in terms of this theory, at least not cemap 
considerable stretching of it. If acetylcholine creates the rage gr aie 
one and the same substance Gauhenn create the opp 
ition. (We will return to this point later. ‘ : 
ae se hdd discharge must occur if the ret of hee Po 
cumulation around the motor neurons is so great that it 3 a eine 
seen, continue to stimulate them even when the ara mae iF iat 
impulses has ceased. At this point, the question dats diy ivan 4i.acle came 
happens to the acetylcholine. Why, once ahh thea x hen is that there 
tinue to act indefinitely? The final part of this t 6 ¥ " the function of 
is present in all tissues an enzyme called rat pe rae as quickly as it 
Which is to destroy acetylcholine amet, me P only during the pe- 
is formed, After-discharge, therefore, will continu 


: tylcholine. 
tiod of time required for cholinesterase to destroy acety 


i the theory 
In the foregoing discussion, we have seen ated tae the 
of chemical transmission by means of acetylc stressed the fact 
Problems of Synaptic transmission. The oon He in a chain of 
“at the stimulus to the next succeeding raiich finally caused 
“trons, or the stimulus to the motor inecseacesg ts ah or impulses, 
t to discharge, was not the incoming nerve the Having arrived 
Ut was a chemical stimulus, namely acetylcho one it does not pass 
at the Synapse, the incoming nerve impulse ene: Icholine which, 
Across, but it is transformed, so to speak, into acety 
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in a sufficient concentration, stimulates the next neuron. 
stimulus acts, as any stimulus would, to produce the change j 
meability which permits depolarization to occur. The depol 
area then passes as the nerve impulse down the axon of the 
neuron to the muscle. 


This 
N per. 
arized 
Motor 


Objections to the chemical theory.—This is an attractive and relative] 
simple explanation of the phenomenon; but the attractiveness of the 
theory is not necessarily proof of its truth. There are a number of diffi- 
culties preventing its acceptance as it applies to the central nervous 
system. 

For one thing, if acetylcholine can be obtained, as we saw that it could, 
from the blood leaving a sympathetic ganglion, then the stimulation of 
nerve trunks to the brain (with its billions of neurons and countless 
billions of synapses) should produce tremendous amounts of acetyl- 
choline in the blood leaving the brain. But no one has ever succeeded 
in demonstrating acetylcholine in the blood. Of course, the counter. 
argument is that in the brain there may be especially large quantities of 
cholinesterase, which destroy the acetylcholine as fast as it is formed. 
However, the brain activities which we have mentioned—the fact that a 
single stimulus may set up a long chain of mental responses—does not 
support that view. It is true that a drop of acetylcholine, placed on the 
motor cortex (the portion of the brain which controls voluntary mus- 
cular activity) will cause a Jeg to twitch, but other chemical agents will 
do the same thing. In any case, the amount necessary to produce this 
muscular reaction is hundreds of times greater than would ever be pro- 
duced under normal physiological conditions. 


There always lurks in the background the failure of this theory 
to explain central inhibition. It might be argued that, since the 
stimulation of the sympathetics to the heart produces a different 
chemical substance, namely sympathin, instead of acetylcholine, 
central inhibition might be brought about by the secretion of a 
different substance also—something other than acetylcholine. This 
is purely speculative; however, a substance has recently been found 
in the brain which in certain circumstances behaves as though 1t 
might be the inhibitory transmitter in question, that is, a substance 
whose accumulation around neurons might lead to a central in- 
hibitory state. This substance is gamma-amino-butyric acid, abbre- 
viated “GABA.” The evidence is somewhat indirect but one peter 
reason that if GABA were destroyed, or if the enzyme system whe 
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produces it were destroyed, the brain should become hi 
able, since the inhibitory influence h 
found to be true; a substance called niazid Operating on one fact 

in the enzyme system—namely, Vitamin Bo—prevents the Aersnesices 
al GABA, and animals injected with niazid undergo violent 
seizures, similar to epilepsy. Examinations of their brains show the 
GABA reduced by 50 per cent. There is also a report of the occur- 
rence of epilepsy in infants which turned out to be due to the fact 
that there had been an accidental destruction of vitamin B, in a 


batch of milk which they were being fed. The seizures were con- 
trolled by giving them supplemental vitamin Bg. More directly, it 
has been shown that GABA produces the same result as stimula- 
tion of inhibitory nerve fibers to the heart. It also inhibits the 
stretch reflex in the crayfish and has other inhibitory effects as well. 
It is, of course, much too early to say that GABA is the inhibitory 
transmitter, but further developments will be watched with great 
interest by neurophysiologists. 

Physiologists are divided into three schools, one of which ac- 
cepts the acetylcholine theory as gospel in spite of the criticisms. 
Another school accepts the implications of the last idea—that there 
are two “hormones,” one excitatory and one inhibitory. This, per- 
haps, is the easiest way out. Finally, there is the school which wants 
no part of the chemical transmission theory at all, but holds that 
the nerve impulse, a negative electrical wave, flows directly from 
one neuron into the next. There is much to be said for this view. 
The so-called ‘electric brains” do many of the things which the 
human brain can do, and do them faster. They contain no hor- 
mones, either excitatory or inhibitory, but operate entirely on an 
electrical basis. At the moment, the disagreements among the three 
schools cannot be resolved. It will take an enormous amount of 
further research since it is obviously one of the most difficult prob- 
lems in the entire field of physiology. 

Some of the properties of conduction which may seem impossible 
to explain electrically really are not. One might ask how after- 
discharge, for instance, can be explained on an electrical basis. How 
could electricity flow out of one end of a wire (or nerve) unless it 
flowed into the other end? We have prepared a pair of diagrams 


ghly excit- 
ad been removed. This is 
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representing the phenomenon. The upper sketch shows continuous 
after-discharge; the lower, limited after-discharge. Because of sy- 
naptic delay in the latter case, four impulses arrive successively 
at the motor neuron. 


Reflex Patterns and Habit Formation 


Another unexplained characteristic of the synapse is that it ap- 
parently becomes “weakened,” or modified, through use. That is, 
given a choice of two synapses, a nerve impulse will tend to flow 
through the one which has been most used in the past; a “habit” 
will be formed. Formerly this was called ‘“‘canalization” because it 
was thought that each nerve impulse punched a small hole in the 
membrane, making passage of the next impulse easier. This is no 
longer believed; a synapse which is known to have been used a 
great deal looks no different under the microscope than does one 
which has not been used at all. 


That every sensory nerve is in direct or indirect communication with 
every motor nerve is shown by the action of strychnine. If strychnine is 
injected into a frog, for example, the slightest sensory stimulation will 
cause it to go into convulsions. In convulsions, all the muscles in the 
body are involved, hence, all the motor nerves are also involved (strych- 
nine has no direct action on muscles); and, since this happens wherever 
the stimulus is applied, the conclusion is inescapable that each sensory 
nerve must communicate with each motor nerve. 


Although these connections exist, they are not ordinarily used. 
Nerve impulses tend to follow certain paths called reflex patterns, 
the pattern depending upon a reduced synaptic resistance along its 
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route. Some of these patterns are laid down before birth. So 

examples of these are the sneezing reflex, the coughing fetlex er 
the sucking reflex—when a baby’s lips are pressed againgt his 
mother’s nipple, he purses his lips and sucks. The infant does this 
“instinctively,” as we say, by which we mean, in physiological 
terms, that the stimulus applied to the baby’s lips passed through 
certain synapses, and the nerve impulses were transmitted to the 


muscles of his lips and cheeks, They followed that path and no 
other because they encountered less synaptic resistance. 


Other reflex patterns are acquired by consciously forcing nerve im- 
pulses through certain Synapses; we call these patterns “habits.” Con- 
sider a little girl, going to school. At first, any one of several routes may 
be taken, but one route is preferred; perhaps the child’s little friend 
lives on this side of the street. So, if left to her own devices, she will 
follow this route; we then say she has the “habit” of going to school that 
way. Then, someone moves into the block with a big, ferocious dog. The 
next morning she starts on her usual route, remembers the dog, and 
crosses the street. If she does this often enough, a new “habit” is formed. 
Again, speaking physiologically, what she has done is consciously to 
force nerve impulses through a new group of synapses until their re- 
sistance is weaker than the resistance of those previously used.* 


SENSATION 


So far, we have been dealing in generalities—the nature of the 
nerve impulse and the properties of its conduction in the nerve 
fiber and through synapses. We will next consider the actual func- 
tioning of the nervous system in the body. We will start with the 
thesis that all its activities are activities of reflex arcs. To produce 
a reflex, a sensory nerve ending must be stimulated. Therefore, we 
shall begin by studying the properties of sensation. We will then 
consider the various locations where the central connection is 


*1I once had a dog named Gamma. Every evening I would take Gamma to the 
campus for a romp on his leash—or rather he would take me. After a few years, we 
moved, and it was now necessary to turn a corner which we had never turned before. 
Night after night, we would come to the corner and he would insist upon going 
straight ahead, and I would have to turn him. It was some time (he was not very 
bright) before he began to hesitate a bit at the corner. Finally, one night, as we reached 
the corner, he stopped and seemed unable to move in either direction. He just stood 
there and shivered. I explained to him what his little synapses were doing—that those 
for the go-ahead and those for the turn had now exactly the same low resistance, 
and nerve impulses were flowing through both of them. I don’t know whether he 
understood the lecture, but thereafter he took the turn without hesitation, 


and the Nervous Syste 
m 


made, starting with the simplest, the spinal reflexes where the 

nection is made in the spinal cord, then work our way up t Con. 
brain and learn the ways in which various centers in the tain the 
affect the response; then, coming out at the other end (the hee 
end) we shall follow the nerve impulse into the muscles ang Or 
that point, consider some aspects of muscle physiology, » at 


Classification of the Senses 

We are commonly thought to possess five senses, Actually 
there are many more. We may classify them as follows: (1) the 
cutaneous senses—touch, heat, cold, and pain; (2) the deeper 
senses—pressure and muscle sense; (3) the internal senses, or Senses 
from the internal organs of the body; (4) the special Senses, Or those 
in which the receptors lie in special organs—sight, hearing, equilib. 
rium, taste, and smell; and finally (5) the general body senses— 
hunger, thirst, fatigue, sexual sensation, etc. 

The cutaneous senses.—There are said to be 500,000 touch te. 
ceptors in the skin. They are unevenly distributed, being most 
numerous in the finger tips, lips, and tongue, and least numerous 
on the back. Their receptors are specialized structures called 
Meissner’s corpuscles. The sense-organs for cold constitute 150,000 
receptors; they are the end-organs of Krause. Warmth has about 
16,000 receptors, the end-organs of Ruffini; and pain has some 
3,000,000 receptors. Pain receptors, however, are not specialized; 
they are simply the naked ends of the pain nerves, somewhat 
branched at their terminals. The Pacinian corpuscles are the recep- 
tors for pressure, and the muscle spindles for muscle sense. 

Proprioception.—Everyone knows what pain and touch are, but 
proprioception (“muscle sense”) may be less familiar. It is a very 
important sense, since it is the sensory link of a reflex which con- 
trols muscle tone and contraction; and it also gives the brain 
important information about the location or position of the limbs. 
Muscle spindles are tiny, spindle-shaped structures scattered 
throughout muscles, and they are most numerous around the ten 
dons and joints. The stimulus which excites them is muscle co™ 
traction and joint movement. Since muscles are never completely 
at rest—one portion or another is contracting all the time—there }8 
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a constant flow of nerve impulses into the spinal cord over the 
muscle sense fibers. Any activity of muscles, such as walking, aug- 
ments the flow. Let us analyze the act of walking. One foot is lifted 
from the ground, moved forward, and, as it descends, the weight of 
the body is shifted to this foot. The other foot is then lifted, 
moved, etc. Once a child has learned to walk, this action is accom- 
plished without conscious notice; it is done reflexly, and this reflex 
is one in which the sensory information comes over the fibers of 
proprioception. 

At any instant of time, the spinal cord is receiving information 
as to the immediate, present location of the feet and legs, and it is 
sending out, over motor fibers, impulses which continue the activ- 
ity. At any time, a person knows, without looking, approximately 
where his feet are and where his legs are, since this information 
is also being sent to the brain. 


One way of illustrating a function is to describe what happens when 
that function is lost. In tabes, which is syphilis of the spinal cord, the 
proprioceptive fibers are specifically destroyed by the spirochetes as they 
enter the cord. The tabetic has lost the information normally coming 
in over these fibers, and he cannot know without looking or feeling just 
where his feet are. So, with each step, his feet fly up into the air, and 
with each step he slaps them down hard on the pavement—clunk, clunk— 
because the normal mechanism for controlling them has been lost. It 
should be pointed out that the muscles are not affected, nor is their 
motor control; it is the sensory portion of the arc which has been de- 
stroyed. In time, he may learn that he can still feel the sidewalk under 
his feet—by making use of the sense of touch. He then shuffles along, 
keeping his feet in contact with the sidewalk. 


This briefly describes muscle sense; more will be said about it 
later. 


Doctrine of Specific Nerve Energies 

Fundamental to an understanding of sensation is the “Doctrine 
of Specific Nerve Energies,” which was first enunciated by Johan- 
nes Mueller. The title must have suffered in translation, since it 
has nothing to do with energy. Its importance lies in the fact that 
it defines sensation in anatomic terms. This doctrine says: Each 
“sense” has its own special apparatus consisting of a sensory recep- 
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tor which is especially sensitive to a particular type of stimulat; 
(but may also be stimulated by other means), its OWN nerye or 
way to the brain, and its own ending in some particular Tegion of 
the brain where the sensation which it produces reaches conscig of 
ness. The sensation perceived depends on the central] Nervous ~ 
tem ending, that is to say on the region in the brain where in 
nerve impulse finally arrives, and not on the type of stimulation 
applied. This means that to perceive pain, for example, a nerye 
ending for pain must be stimulated. Then, nerve impulses Pass up 
fibers devoted to pain and reach a certain region of the brain de. 
voted to pain perception. One can stimulate a nerve ending for, 
let us say, touch, in the most violent manner, and touch alone, not 
pain, will be perceived. 

There are regions in the body where no stimulus, however vio- 
lent, can arouse the sensation of pain, simply because there are no 
nerve endings for pain there. Such a region is the inside of the 
mouth, opposite the second molars. On the other hand, there are 
regions from which only pain can be felt because there are no re- 
ceptors present for the other senses; an example of this type of 
region is the cornea of the eye. 

Some examples of the dependence of sensation upon these sensation- 
perceiving areas of the brain will help us understand the workings of 
this principle. For instance, when cocaine is applied to the skin or the 
mucous membrane, the nerve endings for pain are paralyzed and pain 
can no longer be felt, but touch and temperature are unaffected. Thus, 
a violent stimulus will produce sensations of touch but not of pain. Or- 
dinarily such a stimulus would produce pain since there are pain re- 
ceptors in the area, but these receptors being paralyzed, no stimulus, 
however strong, can start the impulses on their way to the brain area 
where pain is perceived. ‘ 

Another common illustration would be being poked in the oe with 
a sharp stick or with someone's fist. One usually says, ‘‘I saw stars. One 
did see flashes of light, because the blow, although an abnormal atta 
(that is, pressure) and not the normal stimulus of light entering the bi 
caused a flow of nerve impulses into that region of the brain whé 
light is perceived. + cut ends 

Further, if the optic and auditory nerves could be cut, their c vould 
brought together, and if they regenerated (which they won gan ulses 
“see” the thunder and “hear” the lightning because nerve a in 
would travel from the thunder stimulus to the sight-percepuion - 
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the brain and from the lightning stimulus to the 
region. 

This, again makes the point that the sensation perceived depends 
on what part of the central nervous system the impulses enter, The 
Doctrine of Specific Nerve Energies says, actually, that we have as 
many senses as there are regions in the brain capable of discrimi- 
nating between incoming nerve impulses. In other words, we have 
as many senses of hearing as we have regions in the brain capable 


of discriminating between different sounds, as many senses of taste 
as can be told apart, etc. 


hearing-peri eption 


Protopathic vs. Epicritic Sensitivity 


In the evolution of our senses, we first developed certain crude, 
protective ones and later built upon these more refined, delicate 
and discriminatory senses. The two types have persisted; thus, we 
can distinguish between protopathic sensitivity, which is the crude, 
protective type, and epicritic sensitivity, which is the refined, dis- 
criminatory type. Further, we have a primitive brain, the thalamus, 
where the protopathic type of sensation reaches consciousness, and 
a4 newer, more modern brain, the cerebral cortex, where the epi- 
critic type reaches consciousness. Both “brains” are, of course, 
functioning at the same time, so that the final sensation which we 
perceive is a blend of the two. 


The difference between protopathic and epicritic sensitivity can best 
be demonstrated in the case of the temperature nerves. If a sensory 
nerve to the hand be cut, all sensation, including temperature, is lost. As 
the nerve regenerates, protopathic fibers regenerate more rapidly, so, for 
a time, only sensation of that type can be perceived. If the hand is now 
immersed in warm water, no sensation of warmth will be felt until the 
temperature of the water has been raised to around 45°. This will be 
felt as “hot,” but increasing the temperature beyond that point will not 
be felt as increasing heat. In the same way, if cold water is used, it will 
not be perceived as being cold until a temperature of 25° has been 
reached. This will be felt as “cold,” but decreases beyond this tempera- 
ture will not be appreciated as “colder.” Gradations between 25° and 45° 
ar€ not appreciated at all. Later, when the epicritic fibers have regen- 
erated, a normal temperature sense is regained and gradations between 
25° and 45° are perceived as are increases or decreases above or below 
those figures. 
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Probably, all that the primitive animal needed in the 
temperature sense was this protopathic type; jt irae . of a 
something was dangerously hot or cold, and he had no im jf 
discriminate between the finer variations in temperature 2 to 
the oldest of our senses, is strictly a protopathic sense, It j : Pain, 
tive, since it tells the animal that some noxious agent jg Ped TOtec. 
him, biting him, or hurting him in some way. Ork on 


Local Sign 


Another property of sensation is the ‘local sign,” by which i 
meant the ability to know where the stimulus is being applied, J; 
is much more highly developed for epicritic than for Protopathic 
sensitivity; when the primitive animal felt pain, he did not care 
particularly what point of his body was being bitten, he just u 
and left. It may seem wrong to say that pain cannot be localized; jf 
one is pricked, say, on the back of the hand, he knows which hand 
is hurting and about where on the hand the needle was applied. 
But other nerves, epicritic nerves for touch, for example, were 
stimulated at the same time. These have a well-developed local 
sign, so one is able to trace the source of the pain by the local sign 
of the touch nerves. 

To see how poorly pain is localized, one must consider pain 
originating from a region in the body not served by epicritic 
nerves. ‘This is the case with the internal organs of the body. We 
have already seen how poorly pain arising in the heart is localized 
—it is not felt as originating in the heart at all, but as referred to 
the sternum, shoulder, etc. In the same way, an ulcer is a direct 
source of pain, yet the patient can never say, “I feel the pain com- 
ing from a point 2 cm. above the pyloric sphincter along the inner 
curvature of my stomach.” All he can say is that it hurts. 


Adaptation 


When an epicritic nerve receptor has been stimulated for 4 
period of time with the same type of stimulus, it becomes aaa 
tive and no longer responds. This is called “adaptation.” It 18 ; 
Property of the receptor; it is not explainable on the basis 
fatigue of the nerve fiber, because, as we have seen, the nerve un 
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indefatigable, and besides, if the nature 
sightl¥ seep ne hte ie again responds, 
the prain ome oe saoded with all kinds of Useless informat; 
one puls his clothes on in the morning, and although ae 
are being stimulated all day by the clothing, the touch t, ae 
ny senses possess the property of adaptation, If one ht des 


Many 
ent is overwhelming. 
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ot the Stimulus js 
Adaptation spares 


eenhouse OF florist’s shop, at first the sc 
However, soon the odor is no longer perceived; the sense of smell 
has become adapted. Similarly, people working in a boiler facto 
converse with each other without raising their voices; their ities 
of hearing have become adapted to the banging and clanging, but 
q different type of stimulation, that of talking, is perceived. 
Adaptation of protopathic sensitivity does not occur so readily, 
and it is easy to see why it should not. If protopathic sensitivity is 
essentially protective, adaptation would be a bad thing. It would 
be nice, of course, if the pain from an aching tooth would disap- 
ar because the sense of pain had become adapted, but then you 
would probably not go to the dentist, and nothing would be done 


about the tooth. 


The Weber-Fechner Psychophysical Law 

This law is concerned with the recognition of increases of inten- 
sity of stimulation. It states that to be recognized as an increase, the 
increase must bear a certain proportion to the stimulus already 


acting. 

Let us say that one is looking at a ten candle power ae oe 
intensity of the light is being gradually increased. Ha ae more 
reaches a luminosity of eleven candle power—one oy ill were look- 
than the original—the increase is T ecognized. oer andle power 
ing at a one hundred candle power light, an increase 0 ile ower would 
would not be recognized; instead, an increase of ten can ne Lunered 
be required, For a 1,000 candle power light, an increase 0 


df e in 
candle power would be necessary, etc. +he pee a aide the 
tach case, namely, 1:10. This is a logarithmic Bee eeoquatity of nerve 
Perceived increase in sensation is a measure at oe a wide ranges of 
iMpulses, it gives the nervous system the ae a in the number 
intensity of sensation without a corresponding increas 
Of nerye impulses required. Thus, if to see the ten © 


andle power lamp; 
see the one 
lV ; ired, in order t0 
© nerve impulses per second were requires 


10 CANDLE POWER LAMP 5 IMPULSES PER SECOND 


log 10 = 1 


15 IMPULSES PER SECOND 


1000 CANDLE POWER LAMP 
log 1000 = 3 


RECOGNIZING AN INCREASE IN STIMULATION 


hundred candle power lamp, only ten impulses would be required (since 
the logarithm of one hundred is 2), and only fifteen would be necessary 
to see the 1,000 candle power light (the logarithm of 1,000 is 3). 


In the case of hearing, intensities of stimulation range from very 
mild intensities to stimuli a billion times greater. Assuming that 
even one impulse per second were required for perception of a 
mildly-intense stimulus, were it not for the operation of the 
Weber-Fechner Psychophysical Law, a billion impulses per second 
would be required in the second case, which is an obvious impos- 
sibility. 


FUNCTIONS OF THE SPINAL CORD 


The spinal cord has two functions: first, it is a reflex center, OT 4 
region where connections are made between incoming sensory 1 
pulses and outgoing motor impulses. This is a function of the gray 
matter of the cord. The white matter, consisting entirely of fibers, 
18 a path of conduction to and from the brain. 

Both functions are illustrated in the case of the knee jerk. pede: 


knee is tapped, tendons pull on the quadriceps muscle, stretchin 
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slightly. This stretch is the stimulu 
flow into the spinal cord, where t 
motor fibers, and back to the qu 
is kicked forward. But information 
transmitted to the brain, in othe 
formation reaches the brain 


: » OUL Over 
adriceps, which contracts, and the leg 


concerning the tap on the knee is also 
r words, the tap is “felt.” But this in- 
after the reflex act has been accomplished, 


As a Reflex Center 


We begin our study of reflex activity with the “spinal” animal, 
that 1s, one whose spinal cord has been cut, leaving the gray matter 
below the cut as the reflex center to be studied. This simplifies 
matters greatly, first because the number of neurons in the gray 
matter of the cord is small compared to the number in the brain, 
and second, with the connections to the brain cut, the animal’s be- 
havior is uninfluenced by impulses from the brain. In mammals, 
the cut is usually made in the lumbar region; if it were made in 
the neck, respiration would be hindered, and if made above the 


THE KNEE JERK 
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the splanchnic nerves leave the cord (seventh i 
avellth thoracic nerves), there eipiie nid ‘a fall in blood 
veaure, In the FOB, however, the cut can be made higher Up in 
ot cord, even at the base of the brain. Regardless of the SPeCies of 
animal used, the first thing that occurs is called “spinal shock.” All 
rellexes below the cut are completely lost, no matter how strong a 
stimulus is applied, One wonders why this should be. Anatom. 
cally, the are is complete, sensory nerves still conduct impulses in, 
the connecting neurons have not been interfered with, all that has 
happened is that the motor neurons have been cut off from receiy. 
ing impulses from the brain, And herein lies the explanation, 
These motor neurons, all through the animal's life, have been re. 
ceiving such impulses; they have come to depend on them, and 
deprived of them, they cannot function. The greater the depend- 
ence of the motor neurons on such support from the brain has 
been—which means the greater the development of the brain has 
been—the longer is the duration of spinal shock. In the frog it lasts 
only a few minutes, in the dog, a few hours, in the monkey a few 
days, and in the human, weeks or months. Once the stage of shock 
has been passed, reflexes return. We will consider the human case 
a little later—let us now study the reflex behavior of a simple spinal 


wing where 


animal, the frog. 

Characteristics of spinal reflexes in the frog.—They are predict- 
able, that is to say, once the response to a certain stimulus has been 
observed, one can be sure that the same stimulus will always pro- 
duce the same response. If, for instance, a drop of acid is placed on 
the skin on the right side of the animal, he may raise his right hind 
leg and make a few brushing movements across the region stimu- 
lated; if he does that once, he will always do it, providing the 
stimulus is the same. The reason for this is that the frog had ur 
doubtedly, in the past, been painfully stimulated in this region, by 
sticks and bushes, and had established this reflex pattern. 

The second factor of the response is purposeful, it is sensible, 1 
is what any normal animal under these conditions would do. This 
proves that the influence of the brain is not necessary, in planning 
or controlling reflex behavior, nor is consciousness. (We know: 
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from human cases, that the patient is not ‘ 
that happens below the point of cut.) 

In the — pipe the response is coordinated, it is well-carried 
out, there 1s not a wild, uncontrolled flailing of the limbs ae 

-e, for extenso 8 of the limbs. For in- 
ra : " = contract, flexors must relax; this is z 
plished well in the spinal animal. ; accom- 

In the fourth place, however, we find that the response is some- 
what exaggerated; the normal animal, in the face of a stimulus as 
weak as this, might not respond at all, or, if he did, in a half- 
hearted manner. Instead, this frog responds over-violently. This is 
the first example—there will be more—of the overall inhibition 
which higher centers exert over lower; we can say that, in gen- 
eral, the central inhibitory state is predominant over the central 
excitatory state. 

Finally, spinal reflexes may be conditioned. If, in the spinal 
animal a painful stimulus is applied first to the foot, then to the 
tail, the foot will first be withdrawn, followed by a switch of the 
tail. (This is in the dog, not the frog; frogs do not have tails.) If 
this is continued over many trials, the time will come when a pain- 
ful stimulus applied to the foot will cause the foot to be with- 
drawn, followed by a switch of the tail without the tail having 
been stimulated. It is as if the animal’s spinal cord had “learned” 
that a painful stimulus to the foot would be followed by a painful 
stimulus to the tail, and it caused him to switch his tail in antici- 
pation. This makes a very important point, namely, that the func- 
tioning of gray matter within the nervous system Is everywhere the 
same. If it is correct to say, in connection with conditioned salivary 
reflexes, that the dog has “learned” that the ringing of a a will 
be followed by presentation of his dinner, and therefore “nate 
when the bell is rung, then one is forced to say the same t nee 
the cord—that it has “learned” that one painful stimulus will be 


followed by another. Whether it is proper to call this process 
but many psychologists consider the 


d reflexes as the first step in the learn- 


7 2 , 
conscious” of anything 


“learning” is a question; 
establishment of conditione 
Ng process. 


In summary, this rather simple stud 
quite far-reaching conclusions. It prov 


eads to certain 


he spinal frog | 
Dip eepe sly made, that 


es the point previou 


ers their resistance, and thus reflex 


tain synapses low ' i 
lished. Once established, nerve impulses tend to flow 


cs and therefore, a given stimulus will always Produce 
The response will be a useful one (since it was estab. 
lished for a useful purpose). It does not require the cooperation of the 
brain or consciousness to be carried out. It is coordinated because all 
synapses involved in its use have had their resistance altered, so that 
non-use of, say, flexors, occurs when extensors are contracted. The over. 
all inhibition of lower centers by higher has been demonstrated, and the 
fact that the gray matter of the cord functions in the same manner as 


does the gray matter of the brain has been proved. 


the use of cer 
terns are esta 
through such ar 
the same response. 


Spinal section in the human.—We have already noted that com. 
plete section of the spinal cord is followed by “spinal shock” dur. 
ing which no reflexes from the region of the body below the cut 
can be elicited. In the human, because of the greater development 
of the higher centers and consequent greater dependence of the 
cord upon them, the duration of spinal shock is prolonged; it 
usually takes from three to seven weeks before the knee jerk (as an 
example of a spinal reflex) can be obtained. Immediately after the 
injury, the muscles are completely toneless, indicating that not 
even proprioceptor reflexes are in action; the flexor muscles are 
the first to recover their tone, and the legs and arms are held in a 
partly flexed position. Other reflexes gradually return; the blad- 
der, in which, during the stage of shock, both storage and reservoir 
functions had been lost, now recovers its storage function. Control 
of the voiding reflex by the higher centers can obviously never be 
regained; when the filling of the bladder has reached the point 
where the bladder wall is mechanically stretched (300-500 cc.), the 
voiding reflex automatically occurs. Eventually all spinal reflexes 
become hyperactive and the infliction of a stimulus, such as a 
pinch, will cause all muscles to contract violently. This is called 
the “mass reflex” and is so violent that it closely resembles an 
epileptic seizure. 

Paraplegia is the condition where both legs are paralyzed as the 
result of transection of the spinal cord. Such injuries are frequent 
in war. Following World War I, the fate of the paraplegic was 
practically hopeless; the reflex stage described above would be fol: 
lowed by a stage in which all reflexes were gradually lost, and the 
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patient would die, usually from a bladder infection, bed 

some intercurrent infection such as pneumonia. For World War 
I] paraplegics, however, the outlook was much brighter. P ar 
care, graded exercises, braces, and, above all, the Sout er 
antibiotics have all contributed to their rehabilitation. Man rive 
cars (of special construction), fly airplanes, get married me be- 
come useful, self-supporting citizens. 


As a Path of Conduction 


When the receptors of a sensory nerve are stimulated, nerve im- 
pulses flow into the spinal cord over the axons of the sensory 
neurons. These axons have many branches; some may proceed into 
the gray matter of the cord, and, through connecting neurons, pro- 
duce a response, namely a spinal reflex. Other branches, directly or 
indirectly, proceed to the brain. These form the ascending tracts of 
the spinal cord. We shall next describe a few of these ascending 
tracts. 

The fibers carrying the sensations of pain, heat, and cold synapse 
almost at once with cells lying in the dorsal horn of gray matter 
(substantia gelatinosa of Rolando). Axons from these neurons sweep 
across to the other side of the cord, where they form the lateral 
spinothalamic tract. A certain number of fibers for touch and 
pressure ascend the cord for a short distance, then synapse with 
cells in the substantia gelatinosa, whose axons cross to the other 


e ventral spinothalamic tract. These two tracts will 


side to form th 
wever, most of the 


later fuse to form the spinothalamic tract. Ho 
fibers for touch, pressure, and “sensory” muscle sense do not 
synapse in the cord, but ascend on the same side, as the dorsal 
columns. There are two dorsal columns on each side; they are the 
fasciculus gracilis and the fasciculus cuneatus. At the upper end 
of the spinal cord, the fibers in the two dorsal columns make 
synapses with cells lying in the nucleus gracilis and the nucleus 
cuneatus, respectively. The axons of these cells form a bundle 
which sweeps across the ventral portion of the medulla (sensory 
decussation) to join the spinothalamic tract on the other side. It 
will be seen that all senses from the body (not the head) have even- 
tually crossed to the opposite side; they are all headed for the same 
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place, namely the primitive brain previously mentioned—the thal. 

amus. This leaves only the non-sensory fibers of muscle SCNse to 

consider. (It must be remembered that most of these fibers entered 

the gray matter of the cord and almost directly passed to Motor 
neurons where they functioned in the control of reflex Muscular 
activity, such as the maintenance of tonus, in walking, etc., as has 
been previously described.) Those which do ascend to the brain 
enter the cord and make synapses with cells lying fairly deep in the 
gray matter (Clark’s column); the axons of these cells ascend on the 
same side as the dorsal and ventral cerebellar tracts, whose desti. 
nation is the cerebellum. 

At this point, we will name the descending tracts in the cord; 
they originate in various regions of the brain and carry nerve im- 
pulses down the cord to the motor neurons. Their names will not 
mean much to you right now, but as we continue, one by one, we 
will hook them up to their origins. They are: (1) the reticulospinal 
tract, originating in the reticular substance of the brain; (2) the 
rubrospinal tract, originating in the red nucleus; (3) the vestibulo- 
spinal tract, originating in Dieter's nucleus; (4) the tectospinal tract, 
originating in the inferior and superior colliculi; (5) the cerebro- 
spinal tract (pyramidal tract), originating in the cerebral cortex. In 
general, it can be said that the ascending tracts are located periph- 
erally, and the descending tracts more centrally, in the spinal cord. 

Returning now to the thalamus, we find all the senses from the 
right side of the body converging on the left thalamus. (Through- 
out this discussion, it must be kept in mind that the central nerv- 
Ous system is a two-sided structure. There is thus a right thalamus 
and a left thalamus, a right spinothalamic tract and a left spino- 
thalamic tract, a right motor cortex and a left motor cortex. It is 
seldom that both sides are mentioned, it being assumed that you 
will remember, when any tract or region is described, that there 1s 
a similar one on the opposite side.) However, there is a great deal 
of information carried by the sensory cranial nerves and by the 
sensory portions of the mixed cranial nerves. Let us follow them 
in, in order. We can say in advance that by one route or another 
they (all but one) will wind up in the thalamus. 

The olfactory nerve.—This is the exception. It is indeed strang® 
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that the sense of smell, certainly one of the oldest of th 

does not Wane ad in the thalamus, which, as we en nenbeien 
said, is the primitive brain. The olfactory nerve cit ig 4 
mus and goes directly to the cerebral cortex. a jee ; ie 
possible exp lanation: the region of the cortex to which it 7 i 
phylogenetically the oldest region of the cortex; it is esldd ahd 
paleocortex, 1n contrast with the neocortex, a relatively recent addi- 


tion. 
TABLE OF THE CRANIAL NERVES 
NO. NAME TYPE CHIEF FUNCTION 
I Olfactory Sensory Sense of smell 
II Optic Sensory Sense of sight 
III Oculomotor Motor Muscles of the eyeball 
IV Trochlear Motor Muscles of the eyeball 
V Trigeminal Mixed Sensory: Senses of touch, pain, etc., from face, 
mouth, teeth 
Motor: Muscles of mastication 
VI Abducens Motor Muscles of the eyeball 
VII Facial Mixed Sensory: Sense of taste from anterior part of 


tongue 
Motor: Muscles of the face 
Motor: Parasympathetics to salivary glands 


VIII Auditory 


Cochlear Div. Sensory Sense of hearing 
Vestibular Div. Sensory Sense of equilibrium 
IX Glossopharyn- Mixed Sensory: Mucous membrane of pharynx (swal- 
geal lowing reflex), sense of taste from posterior part 
of tongue 
Motor: Muscles of pharynx (swallowing) 
Motor: Parasympathetics to salivary glands 
X Vagus Mixed Sensory: From lungs, aorta, and right auricle 
Motor: To heart, esophagus, stomach, pancreas, 
etc. 
- — Motor Muscles of the shoulder 
Motor To tongue 


XII Hypoglossal 
es we must 


_In the case of several sensory nerv 
and 


did for muscle sense—between “sensory” 
“non-sensory” components. By “‘sensory,” we mean those fibers 
which actually carry information to the brain—in this case, those 

nsory” fibers, on the other hand, do 


- a ee ba 
concerned with vision. “Non-se 1¢? 
olved in reflex activity (for in- 


not reach consciousness; they are 1nv : 
stance, the winking of the eyelid when some object approaches it; 
> 


The optic nerve. 
distinguish—as we 
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this object approaching the eye may “ = nna yer ins 
appearance in the field of vision oo a se eptors in the reting, 
and over non-sensory fibers this in plaarmipi 18 conveyed to the 
muscles involved in winking the eyelid). I he non-sensory fibers we 
will consider later. The sensory fibers in the Opuc Nerve corre. 
spond to the fibers in the spinothalamic tract—that is, they are the 
axons of secondary neurons (remember that the fibers of the Spine. 
thalamic tract originated in the substantia gelatinosa; they are 
therefore the axons of secondary neurons in the chain leading ty 
the thalamus). The cells whose axons form the optic nerve lie jn 
the retina as we shall see later. These fibers pass to a region which 
some physiologists consider a part of the thalamus; functionally, it 
is, and we will consider it so; however, it has a name of its own~ 
the lateral geniculate body. 

The oculomotor nerve and the trochlear nerve.—These are strict- 
ly motor and have no sensory component. 

The trigeminal nerve is a mixed nerve.—The cell bodies of the 
sensory component lie in the Gasserian ganglion, a structure com- 
parable in every way to a dorsal root ganglion. The cell bodies of 
the secondary neurons lie in two locations, the main sensory nucle- 
us in the pons and the spinal nucleus in the upper region of the 
spinal cord. Axons from these nuclei cross and join the spino- 
thalamic tract on the opposite side. The trigeminal carries all the 
ordinary sensations, heat, cold, touch, and pain from the head; it 
compares to an ordinary spinal nerve. 

The abducens nerve.—Purely motor. 

The facial nerve and the glossopharyngeal nerve may be con- 
sidered together.—They are chiefly concerned with taste, the facial 
supplying the taste buds of the anterior two-thirds of the tongue, 
and the glossopharyngeal supplying the posterior one-third. The 
erves lie (corresponding to dorsal root 
geniculate ganglion and for the glosso- 
ganglion. Axons from these ganglia pass 
» Which lies in the medulla, and synaps¢ 
actus, from whence the secondary axons 
and join the spinothalamic tract. Taste: 
se On its Way to the thalamus. 


Cross to the other Side 
therefore, is another sen 
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The auditory nerve.—In dealing with this nerve, we 1 : 
sider its two branches, the cochlear and the vestibular ae a 

The cochlear division is, of course, concerned with Beale Pdi 
bodies of the primary neurons of the cochlear division lie ta the 
spiral ganglion of the cochlea; axons from here run as fibers in the 
cochlear division of the auditory nerve to the dorsal and ventral 
cochlear nuclei, located in the medulla, where they synapse. Axons 
from these nuclei pass to a mass of gray matter, which, again, we 
are considering as part of the thalamus but which, strictly speak- 
ing, is the medial geniculate body. Some of these fibers cross and 
some do not, which means that each ear is represented on both 
sides of the thalamus and on both sides of the cerebral cortex. 
There are also non-sensory fibers for hearing, as witness the cringe 
or startle reaction, when a loud, sudden sound is heard; but these 
too will be considered later. 

For the vestibular branch, concerned with equilibrium, the cell 
bodies of the primary neurons lie in Scarpa’s ganglion (again analo- 
gous to a dorsal root ganglion). The axons from cells in Scarpa’s 
ganglion go to one or another of the vestibular nuclei and from 


there to the thalamus. 
Vagus.—Since the vagus is almost entirely a part of the autonomic 


nervous system, we will omit it here. 
The spinal accessory nerve and the hypoglossal nerve.—Purely 


motor. 
Summing all this up, th 
body as part of the thalamus 
from the opposite side of the bod 
nerve), which went directly to t 
(auditory nerve), which went to both sides. 


e thalamus (considering the geniculate 
) has received all sensory information 
y, excepting only smell (olfactory 
he cerebral cortex, and hearing 


THE THALAMUS 


What, actually, is the thalamus? It is a large collection of 


neurons lying below and partly around the lateral ventricles. 
Anatomists divide it into a number of lobes, the names of which 
we will not bother with. It has four main functions. (1) It is the 
site where protopathic sensation reaches consciousness; evidence 
for this will be presented later. (2) It isa relay station from which 
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SPINOTHALAMIC AND CORPUS STRIATUM 


OTHER SENSORY TRACTS 
RETICULAR FORMATION 


RETICULOSPINAL TRACT RED NUCLEUS 


RUBROSPINAL TRACT 


CHIEF CONNECTIONS OF THE THALAMUS 


epicritic sensitivity is sent on to the cerebral cortex. (3) It has con- 
nections with the hypothalamus over which it sends impulses 
which are responsible for emotional states. (4) It connects with 
the corpus striatum and through it to the reticular formation and 
the red nucleus, from which descend the reticulospinal and the 
rubrospinal tracts. (These were two of the descending tracts in the 
spinal cord, which were previously mentioned.) This, it will be 
noted, completes a reflex arc. Just as the thalamus is a primitive 
sensory center, so is the corpus striatum a primitive motor center 
which, through a number of connections, of which the reticular 
formation and the red nucleus are the most important, is in con- 
nection with the motor neurons of the spinal cord. 


“The Thalamic Animal” 


As we did in the case of the spinal animal, let us now study the agent 
ior of an animal in which all connections between the thalamus _ 
the higher centers (in this case the cerebral cortex) have been severe 
Such an animal is called a “thalamic animal.” Suppose we have a ¢ 


The Nervous System 539 
in the laboratory; she is a well 
she gives you a hard look, but 
havior, We now sever all nerve 
her cortex. Again, there will 
soon recovers. We will now t 
She will fly into a rage; she wi 
into a real tantrum of a rag 


rage” as it is called), we note a number of thin 


response was grossly exaggerated gs. For one thing, the 


; it was far in excess of what seem 
; ed 
to be called for and far more violent than her response had been prior 


to the operation. This, then, is another example of higher centers in- 
hibiting lower ones. The action involved a great deal of muscular ac- 
tivity, and all this activity was purposeful and well-controlled and co- 
ordinated. From this, it appears that, in the cat at least, the cerebral 
cortex is not essential for normal, high-grade muscular performance. 
What is very impressive is the high emotional content of her behavior. 
Although the predominating emotion was one of rage and anger, it was 
mixed with other emotions; at times in the middle of the tantrum, she 
may have quietly eaten, or hid in a corner, cried, and appeared to be 
frightened. Finally, there was a great deal of autonomic activity dis- 
played. Her heart rate increased, her blood pressure rose, her hair stood 
on end, her pupils were widely dilated, and she may have urinated or 
defecated, all of which happenings are the result of autonomic stimula- 
tion. From all this, a number of conclusions may be drawn. She was 
certainly conscious. Except for the exaggeration, her actions were those 
of any normal cat under stress; and, if a similar reaction in a normal cat 
is taken to indicate that the cat is conscious, then so must this cat have 
been conscious. She certainly felt it when her tail was tweaked, and to 
feel is to be conscious. The emotional part of the reaction is undoubtedly 
centered in the hypothalamus. If electrodes are inserted intoa particular 
region of the hypothalamus of a normal cat and a stimulus applied, a 
rage reaction in all respects similar to the one described above may be 
elicited. If the electrodes are applied to a different region, the opposite 
type of behavior, namely purring and demonstration of affection, will 
be aroused. In our cat, mixtures of emotions were seen because the entire 
hypothalamus was aroused. Finally, the high content of autonomic ac- 
tivity in her behavior must mean that the sympathetic center (respon- 
sible for increased heart rate, increased blood pressure, etc.) must lie in 
the hypothalamus and the parasympathetic center as well (the parasym- 
pathetic center is responsible for urination and defecation). These pri- 
mary centers in the hypothalamus connect with subsidiary centers such 
as the cardiac and vasomotor centers in the medulla, and through them 


they produce their effects. 
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Summarizing, it can be said that: (1) The thalamus isa center 
in which the perception of pain (and other protopathic sensation) 
reaches consciousness. (2) The muscular response 1s perfectly car- 
ried out, in spite of the fact that the motor cortex 1s Not operative. 
(3) The exaggeration of the response simply means that the thala- 
mus has been cut off from the usual inhibitory effect of a higher 
center, namely the cerebral cortex. (4) The high emotional con. 
tent of the response is due to arousal of centers in the hypothala- 
mus. (5) The inclusion of so much autonomic activity means that 
the primary centers for the sympathetic and parasympathetic nerv- 
ous systems lie in the hypothalamus. 

All the above involved a cat. We can believe that a human 
treated in the same manner would react quite the same. We can 
believe that, because every day we see examples of it. It is well- 
known that the action of alcohol is, first of all, on the higher cen- 
ter; therefore, an intoxicated person is, in a sense, a decorticate 
person, as the higher center is the cerebral cortex. Observe the 
next drunk you see, note the exaggeration of his movements, how he 
swings his arms and legs, his loud, boisterous laughter, and note, 
too, how highly charged he is emotionally; he will fight at the 
drop of a hat, or weep into his beer. He is, in fact, not far from 
being a thalamic animal. There are a few cases reported in the 
medical literature of babies being born without a cerebral cortex 
(anencephaly). One girl was observed for several years before she 

died. She was easily upset and frequently displayed temper tan- 
trums, cried easily, and in many ways displayed the features of a 
thalamic animal. 

It is, of course, the function of civilization to strengthen the 
control of the cortex over the lower centers, thereby making of 
man a forebrain, rather than a midbrain, animal. This is desirable, 
except that one wonders what kind of world this would be if it 
were perfectly achieved, and every person’s cortex completely 
dominated his thalamus. It would be a very dull, monotonous 
sort of world. The human female’s chief charm is her unpredicta- 


bility and her emotionality; she is stil] largely a midbrain animal, 
yet we love her for it. 
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necent Studies of the Hypothalamus 


In considering the functions of the hypothalamus, menti 

he made of some extremely interesting experiments tie 
ing conducted by Olds of the University of Michigan, Basic in, 
these experiments demonstrate the existence of regions in vines 
where pleasure is experienced and other regions where “dis-pleas- 
ure” is experienced, or, otherwise stated, areas of reward and areas 
of punishment. Stimulation of a reward area results in a desire to 
repeat the experience, stimulation of a punishment area leads to 
avoidance of the stimulation. 


Now, the fascinating part of the experiment is that the rat stimulates 
his own brain. Permanent electrodes are placed in any desired region of 
the brain; a pedal which the rat operates makes the electrical contact 
which permits the current to flow. If the electrodes have been placed in 
a reward area, the rat stimulates that region over and over, at any in- 
credibly rapid rate, apparently enjoying himself to the utmost, but if 
they have been placed in a punishment area, he avoids the pedal. The 
rear portion of the hypothalamus is largely a reward area, while the 
anterior portion contains the punishment region, the former being more 
extensive than the latter. 

The reward effects are related to more basic drives. Thus, with the 
electrodes placed in a particular region, the starved rat will stimulate 
that region over and over, but when well fed, will not stimulate it nearly 
so frequently—as though the hungry rat were attempting to “reward” 
himself with a meal which his well-fed brother did not want. In the 
same way, with the electrodes in a different place, the castrated rat does 
not stimulate himself at as rapid a rate as he had before being castrated, 
nor as rapidly as he does after an injection of testosterone, indicating 


that the sex drive is also related to the reward area. 

is that regions in the brain have 
ons of pain or pleasure 
mpulses (resulting from 


What this means, apparently, 
been mapped out where the actual sensati 
are experienced. The mere inflow of nerve i 
electrical stimulation) into these areas seem to provide the animal 


with the experience of the actual emotion. That these regions 
should lie in the hypothalamus—in view of what has been said 
about the hypothalamus—is not surprising, but that a dumb _ 
Would learn that, by simply pressing a lever, he could treat himse 
lo the feeling of a pleasurable sensation, certainly 1s. 
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function of the thalamus—corpus striatum-req 
al tract reflex arc in the normal human, not tog 
much is known. With the development of the motor and premotor 
cortex and the ability of these regions to initiate and control mus. 
cular activity by way of the pyramidal and extra-pyramidal tracts, 
one would expect that the importance of the older, more primitive 
arc would decline and eventually assume a subsidiary role. One 
reason why this arc is so poorly understood is that the extra-pyram- 
idal tract, originating in the pre-motor area of the cerebral cor- 
tex feeds into it and it is difficult to distinguish between the two 
effects. There can be little doubt that the maintenance of a state of 
central inhibition of spinal reflexes is one of its main functions. 
This is demonstrated by what occurs in diseases of the corpus stri- 
atum, such as Parkinson’s disease, where muscles, released from this 
restraining influence, do all manner of strange things. Athetosis 
(writhing movements of the body, especially the limbs), chorea 
(involuntary, spasmodic twitchings), tremor (rhythmic muscular 
contraction and relaxation), and other abnormalities of muscular 
activity occur with diseases of the corpus striatum. 


Concerning the 
nucleus-rubrosp!n 


EQUILIBRIUM 

Reflex muscular activity occurs in response not only to pain, 
temperature, touch, etc. (that is, not only in response to the cutane- 
ous senses), but also in response to stimuli originating in the or- 
gans of special sense. Several of the descending tracts in the cord 
convey such impulses. One of the most important of these senses is 
the sense of equilibrium for which the receptors are located in the 
vestibule and semicircular canals of the inner ear. Equilibrium is 
the maintenance of proper body balance, both with the body at 
rest and when it is in motion. 


Receptors for Static Balance 


shee aa iy py are located in the utricle and saccule 
bles ha ae oth of these structures, tiny, calcareous “peb- 
parched oni the 16 Pt embedded ina jelly-like mass and sit 
known as ane " me se of hair cells; these structures are 

- Knowledge of the position of the head in 


ing to establish his proper position. 


Unfortunately, this mechanism is not very sensitive. Bending 


the head forward as much as ten degrees may not be recognized, 
or bending it backwards as much as twenty degrees. A pilot, with- 
out instruments, at night, might, therefore, fly into the ground, or 


fly upward into a stall, without being aware that he was no longer 
flying level. 


Receptors for Movement 


The semicircular canals are the receptors here. These are three 
fluid-filled canals set in each inner ear approximately at right angles 
to each other. In the enlarged portion of these structures (this por- 
tion is called the ampulla) is located a mound of hair cells, called 
the ecrista, which is influenced by the movement of the fluid. If the 
head is turned in a clockwise direction, the inertia of the fluid is 
applied to the left side of the crista, tending to bend it to the right. 
If the head were turned in the opposite direction, the opposite effect 
would be produced. Intertwined among the hair cells are the fibrils 
of sensory nerves which are stimulated by the bending of the crista. 
Since the three semicircular canals are arranged in all three planes, 
any movement of the head, in any direction, will affect one or an- 
other of the crista. As has been said, the cell bodies of these neurons 
lie in Scarpa’s ganglion; axons from Scarpa’s ganglion pass to the 
four vestibular nuclei, where they synapse. From one of these, 
Dieter's nucleus, fibers pass down the cord as the vestibulospinal 
tract. From the other nuclei, fibers pass to the thalamus, the cere- 
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bellum, and to the motor nuclei of the third, fourth, and sixth 
cranial nerves. These nerves, it will be recalled, control Movements 
of the eyeball, and this reflex makes it possible to keep the eyes fixed 
on an object while the head is being turned. When the body js 
rotated, as on a piano stool, the eyes tend to remain fixed on the 
object and then suddenly snap ahead. This movement of the eye- 
balls, slowly rotating backwards, then quickly snapping ahead, con. 
tinues after the rotation has ceased; this is called nystagmus. Nystag. 
mus is often induced purposely by whirling the person in a chair 
to determine whether the semicircular canals are functioning 


properly. 


The Vestibulospinal Tract 
Returning now to Dieter’s nucleus and the function of the 

vestibulospinal tract; it carries information from the utricle and 
saccule and from the semicircular canals to the motor neurons of 
the cord. As one example of its function, we may consider the 
“righting” reflex. If an animal is held in the supine position (face 
up) and dropped, it will quickly right itself and land feet down. 
This is done in a spiral fashion, but the originating impulses come 
from the utricle and saccule, which first turn the head, neck mus- 
cles are stretched, and from their fibers of muscle sense, impulses 
are sent to the muscles of the shoulder, from there to muscles of 
the back, and from there to muscles of the hips and legs. Animals 
in which the inner ear has been destroyed are unable to right 
themselves when dropped. Another example is stumbling. If one 
analyzes what happens when he stumbles, he notes that his head 
shoots forward. This stimulates the crista of the semicircular ca- 
nals, and, over the vestibulospinal tract impulses pass down the 
cord. Reflexly, the arms are quickly extended to stop the falling 
body; a long, forward stride, or a number of them, are made by 
the legs in an effort to get under the “center of gravity” again; the 
weight of the body is shifted backwards. All these muscular activi- 
ties are part of the reflex and governed by the vestibulospinal tract. 

A final function of the vestibulospinal tract is to maintain 4 
“central excitatory state’ around the motor neurons which serve 
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she extensor muscles. This can be demonstr 
the brain, just headward of Dieter's nucleus. This cuts al 
pacts coming down from the brain, leaving the motor ne sii 
the cord influenced only by nerve impulses coming fvson Bhp : 
nucleus down the vestibulospinal tract. The animal stand ‘gid 
ir is actually difficult to bend its legs—the head and tail ce ‘ 
and the back is arched upward. This is called “ecuebuats jal. 
ity.” It shows the excitatory effect which the vestibulospinal ma 
exercises over the extensor (anti-gravity) muscles; with the inhibit- 
ing effect of other descending tracts eliminated, the animal’s rigid- 
ity and powerful contraction of extensor muscles are due to this 
excitation. 


ated by cutting through 


A soldier, standing at attention, demonstrates the use of this tract in 
maintaining his rigid position. It should be emphasized, however, that 
the effect of impulses coming down the vestibulospinal tract is only to 
strengthen and reinforce the contraction of the anti-gravity muscles. 
The primary cause of contraction is nerve impulses from the muscles 
themselves coming in over muscle sense (proprioceptive) fibers. If, for 
instance, the dorsal roots of a spinal nerve serving a muscle are cut (the 
muscle sense fibers lie in the dorsal root) all tonus is lost from the muscle, 
and the performance of the decerebration operation will no longer 
result in rigidity of this muscle. It has been shown that even a slight 
stretch of a muscle, especially of an extensor muscle, will cause it to 
contract sharply (the stretch reflex). 

As our soldier stands at attention, he shifts his weight slightly from 
one leg to the other. This produces a stretch of the extensor muscles in 
the leg to which the weight has been shifted, and this stretch is followed 
by contraction of the extensors in that leg. Otherwise, he would fall flat 
on his face in the middle of the parade ground, Then, finally, as we have 
seen, this is reinforced by impulses coming down the vestibulospinal 
tract. It might be mentioned that the contraction of the extensor mus- 
cles is done at a very low energy cost; the decerebrate cat will stand 


rigidly for days. 
primarily controlled by im- 


over fibers of muscle sense, 
bulospinal 


In summary, postural attitudes are 
Pulses from the muscles themselves, 
aided and abetted by impulses coming down the vest 
tract which maintain a state of central excitation around the motor 
neurons, 
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OTHER DESCENDING TRACTS 
The Tectospinal Tract 
This tract contains the axons of neurons whose cel] bodies i 
in: (1) the superior colliculus, and (2) the inferior colliculus. Le 
us consider the superior first. ; 
We have mentioned non-sensory fibers from the eye as bein 

concerned with reflex activity rather than with vision, These fiber 
are present, along with those for vision, in the Optic nerve, but 
while those for vision go to the lateral geniculate body, the non. 
sensory fibers go to the superior colliculus. After synapsing here, 
the axons of the cells pass, in part, to the motor nuclei of the third, 
fourth, and sixth cranial nerves, through whose fibers movements 
of the eyeball are controlled. The sudden appearance of an object 
at the periphery of the visual field will often cause, reflexly, a 
quick movement of the eyeball to bring the object into better 
focus on the center of the retina. Also, the pupillary reflex and the 
accommodation reflex which will be described later are mediated 
in the same manner. The rest of the axons descend as a portion of 
the tectospinal tract and supply the motor neurons of the cord. 
Any visual reflex, that is, any reflex which starts from the eyes, is 
served by this tract. The leap to the curb as a taxi roars toward 
you, the prize fighter ducking his head to avoid a sharp left hook, 
the snap of the rod as the trout hits the fly, are all examples of 
visual reflexes. Of course, the taxi, the glove, or the trout may be 


A STEADY GAZE “HOLDS" THE HEAD STEADY 
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seen as well, but the response is not a calculated one 
involve the occipital lobe where vision reaches cons 
cause it happens before the occipital lobe has actual 
object. An example of the continued activity of the 
liculus and its effect on motor neurons by way of the tectospinal 
tract 1S the much greater “weaving” of the body when one stands 
erect with the eyes closed than when one’s eyes are open. A trac- 
ing, made by fastening a pencil to the top of the subject’s head and 
Jetting it write on a piece of cardboard suspended over the head, 
will show a much closer pattern with the eyes open than when they 
are closed. With the eyes open, they can be fixed upon some object 
or upon the horizon, and, by means of nerve impulses down the 
tectospinal tract, maintain the muscles in a more rigid position. 

Similar to the optic nerve, the cochlear branch of the auditory 
nerve also contains non-sensory fibers, that is, fibers concerned 
with reflex activity rather than with hearing. These fibers pass to 
the inferior colliculus where they synapse. Axons from the inferior 
colliculus pass, in part, also to the motor nuclei of the third, 
fourth, and sixth cranial nerves; the sudden movement of the eye- 
ball when an unusual sound is heard is an example of this reflex. 
The rest of the axons join the tectospinal tract and descend in the 
cord, carrying impulses to the motor neurons. Any type of reflex 
activity which originates in sound is subserved by these fibers. 
The “startle” reaction or the ducking of the head and hunching of 
the shoulders when one is startled by a loud noise, the pricking of 
the dog’s ears when he hears his master’s whistle, the holding of 
the breath when a strange sound is heard, are all examples of 
this reflex. 

The muscles of the dog’s ears are not, of course, controlled by 
Motor neurons in the cord, but by the motor neurons of a cranial 
nerve, namely the seventh, or facial nerve. We have been Ae 
grossed with the descending tracts in the cord that we are li ely 
to overlook the fact that the face and head have muscles ne 
May be involved in any of the reflexes mentioned. <7 iene 
the squinting of the eyes in the “startle” reaction) 10 a) tua 
from the red nucleus, from the reticular formation, from Di : 
nucl rior and inferior colliculi, fibers exten 

eus and from the supe 


; it does not 
ciousness be- 
ly “seen” the 
superior col- 
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Paths of Familiar Reflexes 


At this point, we 
reflexes which have previously been me ‘ | 
is very simple. ‘Taste fibers from the anterior two-thirds of the 


tongue lie in the seventh cranial nerve, their cell bodies lie in the 
geniculate ganglion, their axons pass to the tractus solitarius 
(from which, as we have said, some fibers pass to the thalamus), 
Those involved in the salivary reflex, however, pass to the superior 
salivatory nucleus and from here fibers run to the portion of the 
seventh cranial motor nucleus from which parasympathetic fibers 
arise. These exit by way of the seventh cranial nerve (remember 
that the seventh is a mixed nerve), and supply the sublingual and 
submaxillary glands. From the posterior one-third of the tongue, 
taste fibers pass by way of the ninth (glossopharyngeal) nerve to the 
petrous ganglion, from there to the tractus solitarius, then to the 
inferior salivatory nucleus, and from there to the motor nucleus 
of the ninth cranial nerve. From the part of it which is parasympa- 
thetic, fibers again go out over the ninth (another mixed nerve) 
and to the parotid gland. The sympathetic supply, as regards cen- 
tral connections and passage of fibers through the brain and spinal 
cord, is largely unknown. The preganglionic neurons are located 
in the gray matter of the cord; their fibers leave with the upper 
thoracic spinal nerves and synapse in the superior cervical ganglion, 
from which the postganglionic fibers follow blood vessels to the 
salivary glands. 

Mastication is largely reflex; the sensory receptors are largely 
those for touch and Pressure lying in the mouth cavity. The cell 
ca free cepa gn oh 
ganglion. Their i i ig a 7 pir, shag ee roe ih 
from whence fibers sir ue temory nusiel : at shen - 

pass to the spinothalamic tract. Since the tha 


might describe the anatomy of some of the 
ntioned. The salivary reflex 
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lamic cat ® in a control of the muscles of the jaws and cheeks, ; 
appeats that in tits animal at least, contro] of the muscl eks, it 
jaws and cheeks is a function of the thalamic—cor uscles of the 
arc previously described. The n pus striatum reflex 
are p 10tor nerves to these muscles lie 
in the motor component of the fifth (which is also a mixed nerve) 
It should be pointed out that the muscles involved here are vals 
untary muscles, controlled over the somatic nervous system, and 
not, like salivation, an autonomic activity, 

Respiratory reflexes are also somatic activities, the muscles of 
respiration being voluntary muscles. However, a discussion of its 
partial control by way of the Hering-Breuer reflex, gives an oppor- 
tunity to locate the way-stations along the route of the vagus nerve. 
As was stated, sensory fibers, whose receptors lie in the walls of the 
air sacs, pass upward in the vagus. Their cell bodies (again analo- 
gous to the cell bodies in the dorsal root ganglia) lie in a structure 
called the ganglion nodosum. From here, the fibers involved in 
the Hering-Breuer reflex pass to the respiratory center, as has been 
described. The connection between the respiratory center and the 
motor neurons in the spinal cord which control the muscles of 
respiration is not known with certainty; they are thought, how- 
ever, to descend in the reticulospinal tract. For the visceral re- 
flexes, fibers pass from the ganglion nodosum to the dorsal nucleus 
of the vagus, from which the motor fibers descend which produce 
the various vagal effects on internal organs, such as slowing of the 
heart, etc. 

Deglutition. There is usually a small area in the pharynx, stimu- 
lation of which evokes the swallowing reflex. The location of this 
region differs in different species of animals as do the nerves which 
initiate it. In man, this area lies in the posterior regions of the 
pharynx and is served by a sensory branch of the vagus, namely 
the superior laryngeal branch. The cell bodies, as pea ayes 
Uioned, lie in the ganglion nodosum. Axons from these ce : sigh 
the “swallowing center” located in the medulla just : Pen 
tespiratory center. From here, impulses are sent to i ee 
nuclei of (1) the hypoglossal nerve controlling a wee die fan 
‘geminal nerve, supplying the mylohyoid muscle; ( i hana 
Pharyngeal nerve controlling the muscles elevating 
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and (4) the dorsal root ganglion of the vagus, to produce esoph 
peristalsis. Pnpeal 
Conditioned Reflexes 

The work of Pavlov with conditioned reflexes has been describ 
As we saw, when a dog is given his dinner he salivates, The 
smell, and taste of the food is the “unconditioned” stimulus ; * 
if, simultaneously, a bell is rung, after a certain number of tri ri 
he will salivate, without his dinner being presented him, at a, 
mere ringing of the bell. When he does this, he is said to be “co : 
ditioned” to the ringing of the bell. How the connection is its 
between the fibers of the auditory nerve and the cells of the saliva : 
center is not known. Although a dog with his cerebral cortex = 
moved can still be conditioned, this is much more difficult to 
do, and the response is never so clear cut. Therefore, it is usual] 
assumed that connecting or association areas exist in the se 
through which such connections are made. If, for instance, in the 
diagram we assume that the neuron at “C” represents uth a con- 
necting area, then, in the conditioning of the dog, nerve im- 
pulses for taste and nerve impulses for sound run into this neuron 
simultaneously. Irradiation from the taste and nerve impulses (or 
diffusion of acetylcholine) might make it possible for the nerve 
impulses for sound to flow in during the process of conditioning 
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ind the weakening of the synapse 


peated olten enough, permit the sound impulses 
through, al which time the dog has been sonlbeien . — 
One odd thing about conditioned reflexes is th ae 
ditioning stimulus Is such as to confuse the anim 
of psychic distress. If a dog, for instance, h 
expect food when confronted with an ov 
food when confronted with a circular figure, if the oval is made 
progressively rounder and rounder, the dog will not know whether 
it is oval or round, and will not know whether to expect his dinner 
or not. He becomes disturbed, howls, struggles, etc., and must have 
a considerable time for recovery before he can be used again. Or 
if a pig is “taught” to expect an apple under a box he will, of 
course, upset the box. But if the apple is sometimes there and 
sometimes not there he will become dubious about upsetting the 
box. He will approach it, back away from it and wind up going 
into a tantrum. These conditions are called “experimental neuro- 
ses." How much of human neurotic conditions can be similarly 
explained is difficult to say, but if a man went to the payroll 
window each week for his check and sometimes it was there and at 
other times, quite inexplicably, was not, no one could blame him 
for developing a neurosis about payroll windows. 


through use mi 
gh use might, when re. 


at when the con- 
al, he shows signs 
as been conditioned to 
al figure and not to expect 


THE CEREBELLUM 

One might expect the cerebellum to be concerned with muscu- 
lar activity, perhaps with locomotion, because of its ee 
nections. It will be recalled that the spinocerebellar tracts, W : 
convey muscle sense information, pass to the peer ge as “c 
tracts from the vestibular nuclei, carrying information . 
equilibrium receptors of the ear. It 1s therefore sage nm : 
tion concerning the state of muscular contracol - ree . 
the limbs, the position of the body in spac’ : eee 
that position. All of this information would be help 


trolling locomotion. 
at removal of the cerebellum, 


In fact, Flourens was convinced tO ei three-dimensional type © 
specially in birds—which, because of their Ilum—would result in the 
locomotion, have a highly developed cerebe 
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loss of their ability to fly. It seemed, at first, that this view was correc}. 
igeons with the cerebellum removed seemed incapable of flight, Wher, 
tossed up into the air, they would flap their wings a few times, then 
collapse to the ground. Later, however, Luciani repeated Floureng' 
work and found that the latter had not waited long enough; that with 
sufficient time for full recovery of health, the bird could fly, and es 
upon whom the same experiment had been performed could walk . 
run. There remained, though, some permanent effects which sometimes 
are referred to as Luciani’s triad: atonia (loss of muscle tonus), asthenia 
(easy fatigability), and ataxia (clumsiness of movement). The birds 
could fly, but their muscles were weak, they tired easily, and their flight 
was clumsy; they would miss the branch on which they meant to perch, 
or fly into branches they were trying to avoid. The last two effects might 
well be caused by the first; if the muscle were not in a proper state of 
tonus (partial contraction) to begin with, then the effort to reach that 
state might result in fatigue and the time required to reach that state 
might cause the bird to miss his aim, resulting in the clumsy flight. 


The present view is that the above is correct—that the function 
of the cerebellum is to maintain a proper state of muscle tonus, 
which it does by creating, around the motor neurons which supply 
the muscles, a central excitatory state. In other words, that it is 
constantly sending nerve impulses down the cord, which, trans- 
mitted to motor neurons, maintain the muscles in a proper state 
of partial contraction and reinforce them in sending nerve im- 
pulses to muscles engaged in the contractions required in loco- 
motion. It seems somewhat strange that a structure as large and 
important as the cerebellum does not have a descending tract of its 
own in the spinal cord; however, it does not. It feeds into the cor- 
pus striatum, which, in turn, feeds into the reticular formation 
and into the red nucleus, from which descend the reticulospinal 
and rubrospinal tracts. Consciousness is not reached in the cere- 
bellum, but it does connect with the thalamus, and, by way of the 
thalamus, with the cerebral cortex. Just what the nature of the 
information which the cerebellum sends to the cortex is and what 
good it does is not known. Finally, it must be mentioned that the 
two sides of the cerebellum are in communication with each other 
by means of large bundles of fibers. This is necessary since the 
right lobe, for example, receives information only from the right 
side of the body, and while it may be well, in some cases, for the 
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right hand not to know what the left hand doe 


n the human body. th, this is certainly 


not true i 


HE CEREBRAL HEMISPHERES AND THE 
CEREBRAL CORTEX 

We now come to the very topmost part of the nervous system 
the part of which man is so inordinately proud, the cerebral h 
ispheres and the cerebral cortex. The hemispheres are large seni 
of brain substance, consisting for the most part of enormous bun- 
dles of fibers, or white matter, but covered by a thin layer of gray 
matter, called the cerebral cortex, or, simply, the cortex. From the 
thalamus, a large radiation of fibers carries epicritic sensitivity to 
the cortex; from it descend the pyramidal and extra-pyramidal 
tracts, and the rest of the white matter consists of enormous num- 
bers of fibers connecting different regions of the cortex with each 
other. The total number of incoming and outgoing fibers has been 
estimated at about two hundred million, and the connecting fibers 
are beyond counting. The cortex is surprisingly thin, about 5 mm. 
(or one-fourth inch) in most places; but, in spite of its thinness, it 
contains an enormous number of neurons; some estimates run as 
high as ten billion. These cells are characteristically arranged in 
five layers, although this arrangement does not always hold. Most 
of the cells, as one would expect from their great number, are very 
small. There are, however, a few (30,000-50,000) which are quite 
large. These are the Betz cells, or pyramidal cells, which lie in the 
motor cortex. From them descend the pyramidal (descending) 
tracts. 

Viewed from the side, four main divisions of the brain are rec- 
ognized: the frontal lobes, occupying the region in front of the 
fissure of Rolando (central fissure); the parietal lobe, lying behind 
the fissure and extending toward the rear; the occipital lobe, at the 
Tear; and the temporal lobe, lying below the fissure of Sylvius. 
In neuroanatomy, these regions are further subdivided noah aul 
small, numbered areas; only a few of these will be mentioned. 


localization of Function in the Cortex 
As has been said, all sensation except sm 
Y the thalamus, and from the thalamus, asc 


ell has been received 
ending fibers pass to 
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various regions of the cortex. For the reception of the cutaneous 
senses, touch, temperature, and sana ae penned Strip Of cortey 
lying immediately behind the fissure o Ro a has been set 
aside (areas 1, 9, and 3). The arrangement 1s upside down, that is 
sensation from the lower part of the body is received at the Upper 
end of the strip and sensations from the head are received at the 
very bottom of these areas. Further, it must be remembred that all 
the fibers over which these sensations were transmitted have crosseq 
over: therefore, they are from the opposite side of the body. The 
fibers for vision from the lateral geniculate body pass to the oc- 
cipital lobe (areas 17, 18, and 19). Their means of crossing over 
will be described later. For hearing, the cortical center is a region 
of the temporal lobe lying just below the Sylvian fissure (area 22), 
It will be remembered that a partial cross-over has occurred so that 
this region, on one side, receives partly from both ears. For taste 
and smell, the underlying region of the frontal lobe, forming the 
roof of the Sylvian fissure, is utilized (area 47). 


FISSURE OF ROLANDO 


FRONTAL LOBE 
PARIETAL LOBE 


Yeo mwne 


FISSURE OF 


SYLVIUS OCCIPITAL LOBE H 


TEMPORAL LOBE 1,2,3 SENSORY AREAS 


CEREBELLUM 4, MOTOR CORTEX 
6. | PREMOTOR CORTEX 
SPINAL ‘CORD B. EYE MOVEMENTS 
47, TASTE AND SMELL 
22, HEARING 
17-18. VISION 


19. EYE MOVEMENTS 


MAJOR CORTICAL AREAS 
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We will, for the moment, skip the intervening regi 

‘der next the motor centers. There is a Narroy a hess 
, i Y Strip lying just j 
ome of the Baur of Rolando, called the motor cortex Hen 4), 
From this area, the pyramidal tracts arise. It is arranged ion tikes 
the sensory COTTEX, namely, upside down in fot 


> Impulses to the f 
: : de « eet 
rriginate iN the upper portion while impulses to the head start in 


the lower. However, the representation of the body in it is some- 
what irregular. ‘The fingers, for instance, are given a dispropor- 
tionate amount of apace, 04 is the larynx. The reasons are, of 
course, that man uses his fingers a great deal, and speech in the 
human is also a highly developed function. The larynx occupies as 
much space as does the entire trunk of the body. Exact, refined 
control of the back muscles is not needed, whereas, for speech, 
exact control of the muscles of the larynx is very necessary. 

The region in front of the motor cortex is called the premotor 
cortex (area 6). Whereas stimulation of the motor cortex causes 
individual muscles to respond, stimulation of the premotor cortex 
(which must always be a stronger stimulation than that found 
effective for the motor cortex) causes group muscular contrac- 
tions—a lifting or bending of the entire arm or leg, for example. 
It is believed that the premotor cortex acts through the motor 
cortex—that the contraction of the individual muscles is controlled 
by the motor area, but the performance of an “action,” such as 
bending the arm, is instigated by the premotor cortex. There are, 
of course, two pyramidal tracts, one from the right motor se 
and one from the left. Both descend, and on reaching the medulla, 
they split. About seventy per cent of the fibers cross to po sai 
side (crossed pyramidal tract), and the other thirty per ~—l 
tinue down on the same side (direct pyramidal tract). : mc 
before reaching their goal, which for all of them 1s the , 

: f the cord, about half 
namely to connect with motor neurons © hagnatey pr 
the fibers in the direct tract also cross OV¢r- This m 


is for the most 
4 e of the body 3s i 
voluntary muscular activity on one sid e side of the brain. 


Part (about 85 per cent) governed by the opposit ion are examples 

he muscles of respiration and those of enter ig yo other tracts 
of muscles having bilateral (two-sided) control. - the so-called 
(one on each side) arise from the cortex. ag le the premotor 
*Xtra-pyramidal tracts, which arise ene 
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tex; they do not descend in the cord, but feed into the corpus 
cortex; 


striatum. . . 
The function of the extra-pyramidal tracts is not too well un. 


derstood. Some physiologists believe that many of the habitual or 
automatic activities of daily life are entirely under their control, 
and that they accomplish their function through the reticulospinal 
and rubrospinal tracts, which form the final connection between 
the corpus striatum and the motor neurons of the spinal cord. 
Others believe that the extra-pyramidal tracts merely establish a 
postural background against which voluntary acts are executed, 
They believe that a baby, in whom the pyramidal tracts are not 
yet myelinated, furnishes an example of the type of activity gov. 
erned by the extra-pyramidal tracts. 


Voluntary Activity 

It might be pointed out here how little is ‘‘voluntary” in a so- 
called voluntary action. We cannot, voluntarily, contract any mus- 
cle in the body; the best we can do is to “will” to perform an 
action—to stand up, to raise the arm, to sit down, actions which 
will require muscular contractions for their performance, but in 
which we have not directly contracted a single muscle. Moreover, 
muscle groups act in opposition to each other. When one clenches 
the fist, the flexors of the fingers contract, but at the same time, 
the extensors relax. We do not, voluntarily, relax the extensors. 
Then, there are certain supporting, or auxiliary, movements. 
When one clenches the fist, the extensors in the wrist contract and 
the fist is elevated somewhat. This is not done voluntarily either; 
all that was voluntary about it was the decision to clench the fist. 
Therefore, because it is not possible to explain it in any other 
way, the existence of an “area of decision” has been postulated. 
This area, called by some the “ideomotor area,” is thought to be 
located only on the “dominant side” of the brain. It is in com- 
munication with the premotor area and with the frontal lobes, 
tin noe a yy The effect of brain lesions in this area 
is given a cigar and bee Hore ich on nl na 
wantack te s. ot ox of matches; he knows exactly en i 
But what does he it He te a oe inh ond egos d 

€ Jams the cigar into the matchbox an 


| | The Nervous System 557 
out match in his mouth. He is making decisi 

Fie wrong Ones. With complete destruction of ear ot 
: incapable of making any decisions at all; 
yaar eit cannot reach decisions of his ~— C 

oer lobe, this area functions automatically, sites piers 
sponsibly. There is no “consideration” given - re ie 
ihich again suggests the inhibitory influence of high 
over lower). 7 


they are 
area, the person 
he will obey com- 


decision 
r centers 


Stereognosis 

Assuming the existence of an area of decision in which motor 
activity Originates, and having located the area in which sensa- 
tions are received, we have now to get from the latter to the former 
So far, we have only indicated the “‘first arrival” of the sanmatian, 
In the sensory region of the cortex is the region where a touch 
stimulus from the toe, for instance, first arrives. The next thing 
the brain has to do is to make “‘sense”’ out of the arrival of that in- 
formation; in other words, it must make “sense” out of sense. It 
must sort out and integrate all this incoming information, so that 
it will have meaning. 


This is primarily the function of the parietal lobes; it may be illus- 
trated by the process of stereognosis. A man with his eyes shut is handed 
an object, say an ordinary blackboard eraser, and asked to identify the 
object. To do so, he will make use of many senses. First, as to its shape, 
he slides thumb and index finger to opposite sides of this three-dimen- 
sional object; he has used touch to keep his fingers in contact with the 
object, and he has used muscle sense to tell him how far his thumb and 
index fingers were apart. (He has previously had his fingers in about the 
same position in which they are now, and remembers, roughly, how far 
apart they were at such a previous time.) Second, as to its weight, he 
places it on his fingertips and lets its weight stretch the muscles of his 
fingers. They are not stretched very much; therefore, he concludes that 
it is fairly light. He gets an idea of the texture by rubbing his finger-tips 
Bently over the surface; one side has a rough feel, the other is smooth. 
Then he uses his pressure sense; he squeezes it between his fingers, and 
One side “gives,” or crushes between his fingers, the other side beg 
Even the temperature sense is utilized; the one side has a “warm” feel, 


like to lati ler. So, if he knows what an 
woolen cloth, the other is distinctly cooler ees ts wht War 


Craser 1s he . e Fy bi 5 being on 
he then identifies this object a 
meant by the above, making “‘sense” out of sense. As all the possible 
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senses were used, the information was analyzed; and final] 


: ‘ y, a Solution 
the identification of the unseen object, was achieved, : 


We make use of stereognosis all the time. (Of course, we do no 
spend time analyzing, as we did in this example, each pares 
source of information.) A man reaches into his pocket for a fifty. 
cent piece, and, if it is there, he comes up with it. He has felt, ang 
disregarded, the handkerchief, the book of matches, the package 
of cigarettes, the dead rat, the smaller coins, and other sundry 
objects in his pocket. Apparently, the function of Stereognosis js 
not sharply localized in any particular region of the parietal lobes, 
but is widely distributed through them. This is true of many of 
the “interpretative” functions of the brain. Lashley found that it 
required removal of large portions of the brain for rats to lose, 
for instance, their ability to solve problems, run mazes, etc. 


The Prefrontal Lobes 

These are the regions of the cerebral hemispheres lying in front 
of the premotor area. They are highly developed in man, hence 
his bulging forehead, as compared to apes and lower forms, and 
they have always been considered the site of man’s intelligence. 
It now appears, however, that intelligence is, as would be expected 
from Lashley’s work, more a function of the brain as a whole than 
of any specific region. 

In recent years the operation of lobectomy (removal of the pre- 
frontal lobes) or lobotomy (the cutting of all connections between 
them and the rest of the brain) has been done frequently in the 
treatment of some types of insanity. Although some degree of 
intelligence is lost, especially as regards the solution of abstract 
problems, all intelligence is by no means lost. 


A case reported by Dr. Dandy illustrates this point. This was one of 
the earliest cases of lobotomy and was therefore reported in the medical 
literature. Two psychiatrists came to see him, in order to study the cas¢. 
Dr. Dandy was busy when they arrived, but a young man in the office 
volunteered to show them around until he would be free. They spe"! 
two hours with the young man without realizing that he was, in fact, the 
“case.” However, to anyone who had known him previously, certain 
differences would have been apparent. He had lost about twenty — 
from his intelligence quotient, especially when dealing with abstrac 
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tions; thus, he could readily add “four oranges and five oranges,” but 
he had difficulty adding merely “four and five.” Memory for recent 
events was almost entirely lost, although memory of events which had 
hap ned far in the past was well retained, as if recent memories were 
stored in the prefrontal lobes, but later retired to other regions. How- 
ever, the greatest difference was in his personality. He had been greatly 
depressed; had, in fact, attempted suicide on several occasions and was 
extremely introverted. Following the operation, he was ebullient, ag- 
gressive, loud, and boisterous. It was as if the frontal lobes had been 
overdoing their normal function of exercising an inhibitory effect on 
lower regions of the brain, and once their inhibitory influence had been 
removed, this lack of inhibition was reflected in the man’s behavior. 


Another explanation of the effects of lobectomy is that the pre- 
frontal lobes are constantly “backfiring” nerve impulses to the 
thalamus, and the thalamus, as we have seen, is in communication 
with the hypothalamus where our emotions are experienced. It 
may be that certain cases of insanity are due to excessive volleys 
of such nerve impulses, and removal of the frontal lobes or sev- 
erance of their connections with the thalamus eliminates this 
backfire. 

This is thought, by some, to be the action of the tranquilizing 
drugs, such as chlorpromazine and reserpine; that is, that they sup- 
press this backflow of nerve impulses, which, even in the sane, and 
more so in the insane, give rise to psychic tensions. In many cases, 
these drugs are really “miracle” drugs. The back wards of any men- 
tal hospital are full of patients who were so wild and uncontrollable 
that it was necessary to keep them in strait jackets or to use some 
other means of restraint. This, of course, places a terrific burden 
on nurses and other employees. The use of tranquilizing drugs 
has transformed many of them into docile, manageable, coopera- 
tive patients. They have changed the outlook completely for many 
others, who, although certainly not “cured” may many times re- 
turn to their homes without becoming an unbearable burden to 
their families. When it is realized that half the hospital beds in 


this country are occupied by mental patients, this represents a tre- 


mendous advance. 
Military analogy of cortical activity.—We will now summarize 


the events between the arrival of a sensory impulse into the brain 
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and the outflow of nerve impulses over the cei tracts. We 
will do so by employing a military analogy. An army in the field 
receives much information concerning ans Sey & movements 
and disposition. Spies bring in information; oe is wap from 
prisoners; our own aircraft fly over enemy a IONS 3 ring in 
more. All this corresponds to the inflow of sensory information 
into the brain. The Army Intelligence Section carefully sifts this 
information, discarding some as unreliable oF brrelevant, double- 
checking other items, attempting to make meaning of them. 
This corresponds to what we have described as stereognosis, making 
“sense” out of sense. Intelligence now transmits Its interpretation 
of the information to the General Staff, which studies it in the 
light of the enemy's past behavior, what he can most reasonably 
be expected to do, etc. This, in the brain, means calling upon its 
very highest faculties: memory, reason, and judgment. These func- 
tions have their site, in part, in the prefrontal lobes, but are widely 
distributed throughout the brain substance. Then the decision is 
made by General Eisenhower—whether to advance, retire, or to 
hold our present position. General Eisenhower corresponds to 
what we have described as the “Area of Decision.” If the decision 
is to advance, orders are sent to the larger units, divisions, and regi- 
ments. The area of decision, in the same manner, sends orders to 
the pre-motor cortex, where group movements are controlled. 
From the division and regiments, orders go to smaller units, com- 
panies, and platoons; the pre-motor cortex sends impulses to the 
motor cortex, which is concerned with the movements of indi- 
vidual muscles. And, the platoon leader finally calls on Private Joe 
Blow, who actually does the job, just as, by way of the pyramidal 
tracts, impulses are sent to the final motor neurons in the cord, 
which supply the muscles themselves, 


The Aphasias 


Because of the importance of communication in the lives of 
men, a word must be said about the aphasias. They are of two 
kinds, motor aphasias, which means the inability to speak or write, 
and sensory aphasias, or the inability to understand the written or 
spoken word. However, the incidence of the type of motor aphasia 


sdmahkid: — SSTYOUS System 
marked by the inability to speak (verb 
‘ al aphasia 


erm aphasia, in common Parlance at least, is lim; 
Broca was the first to study the aphasin 's limited 

very limited evidence, ascribed to one 48, and, on the basis of 
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) is so high that the 


ro § area would result in 

. 7 ‘ the 

inability to speak. This region, he said, was in the parietal lob 
€, 


just above the fissure of Sylvius. In another region, just below the 
Sylvian fissure in the ueatat Sota lobe, lay another area where the 
connection between the occipital lobe—in the case of word-blind- 
ness—and the psychic area was made. These are the association 
areas, formerly called “Broca’s areas.” It is now known that 
much larger regions of the brain are involved; however, we will 
assume that they are as Broca described them. Let us first describe 
a case Of sensory aphasia, the inability to understand the written 
word, 


In the normal person there is stored somewhere in the brain every- 
thing that the word “cat,” for example, means. This is the concept 
area; it started the first time the mother pointed out a little, furry, four- 
footed animal, and said to the child, ‘That is a cat.” Added to this were 
all the subsequent experiences, good or bad, which the child had with 
cats, so that now, when the word “cat” is heard or read, nerve impulses 
flowing into this area arouse the concept of cat in consciousness. If read, 
the crooked line or printed word is seen, that is nerve impulses pass over 
the optic nerve to the occipital lobe. From here, nerve impulses do not 


pass directly to the concept area, but reach it by way of an association 


i i a— m the associa- 
area, one of Broca’s areas—if we stick to Broca—and fro : 
concept area. If, however, the 


tion area, nerve impulses flow into the : 
association area is rato or destroyed, the curved line, or elyein 
is seen—vision is normal—but the concept area 1s HSE See wit it 
person is said to be “word-blind.” This type of aphasia *S Tt 
exists; usually both sensory abilities, the ability to a need, are 
Written word as well as the ability to understand the spo , 
lost. 

In the case of the motor aphasias, the process r at, or seen one. He 
Person wants to say “cat,” he has just thought 0° 2 from there to the 
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he muscles of 
region of the motor cortex from Ww 


versed. The normal 


hich fibers will go to t 


562 The Nervous Syste 


speech used in saying “cat.” But the 2 eg ie to get there, 
‘ npulses must pass through an associat ; rbal aphasla, this 
impu tion area has been destroyed, and, no matter how clear the pa- 
cer qncept of a cat may be, he cannot say the word. Muny times, the 
aphasiac will retain a few words, sometimes swear words, or a Single 
number such as four which he will then use for all numbers, sometimes 
a name, such as Mary, which will be used for all women, etc. In these 
cases, the fact that the aphasiac is able to enunciate clearly the few 
words he has retained shows that the muscles of speech are unaffected; 
the fact that he may be able to write a perfect description of whatever 
it is he is trying to say shows that the concept areas are not involved; 
therefore, the fault must lie somewhere in between, namely in the asso. 


ciation areas. 


The association areas are always located in the dominant side of 
the brain, which brings us to the question of dominance. In all 
right-handed people, which means most people, the left side of the 
brain is the dominant side; the left side of the brain, it will be 
recalled, almost completely controls the right side of the body. 
This side became dominant as the child, more and more, used his 
right hand, which he did because he inherited right-handedness 
(handedness is a hereditary trait). As he used his right hand, he 
began to talk, and as he talked, he developed his association areas 
on the same side. The two grew up together; every time he reached 
for an apple with the right hand, and said “apple,” he used both 
his dominant motor cortex for handedness and his association area 
for speech. This is why speech defects, such as stuttering or stam- 
mering, frequently follow an effort to change a left-handed child 
into a right-handed one. In shifting the dominance for handedness 
to the other side of the brain, the association area had to be shifted 
as well. This is relatively easy to do in the child, whose brain is 
plastic and whose dominance is not too deeply established, but in 
the adult, it is extremely difficult. 

Many cases of aphasia resulted from war injuries. (It is said that 
there are 400,000 cases in the United States.) In the treatment of 
aphasia, then, the whole idea is to establish association areas on the 
other, uninjured, side of the brain. But, by now, the person may 
be twenty or thirty years of age; all his life, he has used association 
areas on one side; now to establish them on the other side is a n¢4" 
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impossibility. It requires the ultimate in patience, both i 
part, and on the part of his teacher. Anyone can imagine bedi 
culty. Here is a man who knows exactly what he wants to sa and 
wants to say “cat,” his mind is clear, the muscles of sturtiation & ; 
unaffected, but he simply cannot say “cat.” It may be months be 
fore he can enunciate a single vowel, such as “Oh,” and still longer 
for the consonants to be mastered; then a considerably longer time 
before he is able to put sounds together as words, 


Memory 


The lower portion of the temporal lobe has been assigned an 
interpretative function by Penfield.* Electrical stimulation of a 
given point in this region can call back to consciousness a sequence 
of events from past experience. “It is as though a wire recorder, or 
a strip of cinematographic film had been set in motion within the 
brain.” Thus, stimulation of an area in this region may bring back 
the recollection of someone playing a selection on the piano, 
memories of illuminated advertising signs, a voice on the tele- 
phone—for instance, the voice of his mother telling him his 
brother has his coat on backwards, etc. Penfield does not believe 
that this is actually the seat of memory, since large areas may be 
removed with little loss of that function, but that this region is in- 
timately associated with other, possibly lower-lying regions, where 
memory is stored. 


The Electroencephalogram 

It is now many years since Berger first showed that electrodes 
attached to the scalp continuously registered discharges; these are 
the so-called “brain waves.” A record of such waves is called an 
electroencephalogram (EEG). 

Brain waves are usually described as being of three kinds: 
(1) Alpha waves have a frequency of about ten per second and a 
voltage of about 50 wv. They appear only when the eyes are closed 
or when the subject is looking at a blank, neutral surface, such as 
a wall, without attempting to focus on a flyspeck. They are diffi- 
cult to explain—as is true of all brain waves—some think that with 


* “The Interpretive Cortex,” by Wilder Penfield, Science, June 26, 1959. 
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the eyes open, or if one is actually looking at something, there is 
such a great inflow into the occipital lobe that it discharges over 
other nerve pathways; but with the eyes closed, the inflow is so 
small that it cannot force its way out and appears as brain waves. 
(2) The beta waves are present at all times; their frequency is 
about fifty per second, varying with the degree of mental activity; 
and their voltage is about five micro-volts. (3) The delta waves 
occur only during deep sleep; their frequency is only about one 
per second, but their voltage may be as high as two-hundred micro- 
volts. 

Recent work seems to indicate that the actual source of the 
brain waves is not the cortex itself, but deeper-lying structures, 
possibly the thalamus or the reticular formation. 

It must be admitted that the actual meaning of these waves is 
unclear. A recent advance in this field has been the development 
of the “Toposcope” (Topsy, for short) by Walters in England. 
This device picks up and records the brain waves from twenty-two 
different regions of the brain simultaneously. It is believed that by 
this method many of the riddles of the EEG will eventually be 
solved. 

The use of the EEG in the diagnosis of brain disturbances !s not 
np ae either. Sometimes, if a tumor is aaa 
(“silent =<, Eger is found from which no waves are C Pro- 

» the tumor may be found below this reg!o”: 
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nounced abnormalities of the electroencephalogram are seen in 
epileptic seizures, usually very high, spiked waves, or lower, dome- 
shaped ones. A word may be said here about epilepsy. 


Epilepsy 
Although the cause of epilepsy is not definitely known, more 
and more evidence is accumulating that, in many cases, at least, it 
results from some type of birth injury. Often, of course, at the age 
when seizures first make their appearance, it is too late to check 
back; but when this can be done, it is found many times that some 
injury, such as a pinched-off umbilical cord, failure of the child to 
breathe for a long period, or some especially grave difficulty with 
parturition, had, in fact, occurred. In other cases, the injury may 
have been incurred later, or may mark the beginning of develop- 
ment of a brain tumor. In any case, Penfield—probably the world’s 
greatest authority on epilepsy—believes that there will be an area 
of necrosis (tissue degeneration) in a certain region of the brain. 
The neurons surrounding this focus are highly irritable, and, 
every so often, discharge a tremendous wave of nerve impulses into 
the surrounding brain tissue. Eventually these impulses flow into 
the motor cortex and produce the muscular reactions, convulsions, 
etc., which mark the epileptic seizure. Sometimes these irritable 
foci are located in regions of the brain devoted to sensory recep- 
tion; when this focus “‘fires,” the ‘“‘aura’’—a flashing of bright lights, 
or hearing of loud noises, or even a taste or smell, all depending 
on where the focus is located—is experienced preceding the actual 
seizure. The focus may even exist in the “psychic” portions of the 
brain; in these cases, the reliving of some experience, or the recall- 
ing of a memory may represent the aura. Penfield considers the 
aura to be the originating focus of the seizure, and he has, in fact, 
been able to reproduce the aura by electrical stimulation of the 
Tain surrounding the focus (stronger stimulation has resulted in 
an actual seizure.) He draws the following analogy: 


The activity of an epileptogenic focus in the gray matter 
Might be likened to the glowing of an ember in the fireplace. 
The tinder about it is dry and warm and from time to time, 
a breath of air fans the ember into a small flame. Its heat 
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is felt, its light is seen. This is the aura, the initial phenomenon, 
1S ’ 


But the breath of air dies down, the light goes out. 
Soon the coal is seen to glow again. The breath of air returns 


and with it the flame leaps up again and, this time, spreads 
into the nearby tinder. ... But again the breath of air may 
die down and the light disappear. The minor seizure is over. 

But inevitably the ember begins to glow again. Then a 
wind blows upon it. The flame leaps up and spreads through 
the adjacent kindling. This time it burns with greater heat 
and all the fuel bursts into a flame which roars up the chimney 
until it is consumed. This is the major seizure. . . . 

Again the fireplace becomes black and cold. Then the kin- 
dling is replaced and after a lapse of time a little coal begins to 
glow and to warm the area round it. Why? What lights the 
coal? In the answer to this question lies the secret of the 
cause of epilepsy. Control of the draft that fans the flame— 
that is the problem of medical therapy. Removal of the source, 
that is the task of surgical therapy.* 


Penfield’s work throws some light on the question of where, in 
the brain, the seat of consciousness lies. This question has occupied 
the attention of many investigators; some believe that it resides in 
the cortex—although, as we have seen, the thalamic animal also 
appears to be conscious—others ascribe it to the brain as a whole, 
including the thalamus and other, lower-lying structures. Penfield 
draws attention to the “reticular formation.” This is a rather dif- 
fuse mass of gray matter which extends from the medulla upward 
and permeates many regions of the brain. If, from a focus of irrita- 
tion in the occipital lobes (in which case the aura might be a flash- 
ing of lights) the flow of nerve impulses is into any portion of the 
reticular formation; consciousness is immediately lost. It is as if 
consciousness were being maintained by an outflow of impulses 
from the reticular formation. When this outflow is stopped by the 
tremendous inflow which now occurs, consciousness is lost. 
thes” hn ete hi ek ee, ote 
stimulated in the sleegigg se ey omscious.” IE this region is 

ping animal, by means of previously 1m- 

* Wilder Penfiel 


d and Herbert Jas : . 
H ; per, Epilepsy and the Functional Anatom of the 
uman Brain, Chapter VI, P. 273 (Boston: Little, Brown & - eo y 
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planted electrodes, the animal immedi 
animal, the reticular formation is thought toa 
animal is asleep and you make a noise. The es ra rl 
the animal directly. The auditory nerve, as ra sien 
js thought to feed into the reticular form 
cerebral cortex. The reticular formation also feeds into th 
and it is the arrival of these impulses from the siiectis feoration 
that “awaken” the cortex so that the noise is heard. To say hat afl 
this proves that consciousness resides in the reticular oan 
would probably be saying too much, however; that this velo has 
an importance only now being recognized is undoubtedly true. 


ately awakens. In the intact 


awaken 
all sensory nerves, 
ation as well as to the 


Sleep 

Few happenings in our daily life are more interesting than our 
ability to lie down, lose consciousness for several hours, and then 
wake up, refreshed and ready to shoulder the load again. At first it 
may seem commonplace; one says, “Well, I'm tired, think I’ll go 
to bed,” as if being tired and being sleepy were the same thing. 
That they are not, can easily be shown. You can sleep and sleep 
well without being tired at all, or, on the other hand, be too tired 
to sleep. Physical fatigue, though it may help, is therefore not the 
primary cause of sleep. The sleeping person differs from the wak- 
ing one in many physiological ways; his blood pressure is reduced 
by about 20 mm., his pulse rate by ten beats or so; he breathes 
more slowly and his muscles are more relaxed, but all these are 
more the effect of the loss of consciousness rather than its cause. So 
it appears that we must look somewhere within the nervous system 
to find the cause of sleep. There are a number of theories, but we 


will consider only two. 
In the section devoted to the re 
Was pointed out that the two autonomic centers (symp 


parasympathetic) were located in the hypothalamus. The ‘ea in 
in the posterior region of the hypothalamus, and weer he ee 
lation of it produces a great increase of all the signs of wakefu : 
in the animal; he is alert, even over-alert; in fact, with ines 
stimulation he becomes highly excited. If this region SS 
(by means of electrodes previously put into place) while the 


gulation of body temperature it 
athetic and 


~Vo 
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mal is asleep, he immediately awakens. This region, CONSIStiNg of 

all or part of the sympathetic center, is called the center for wake. 

fulness. On the other hand, in the anterior region of the hypothals. 

mus lies the parasympathetic center; stimulation here CAUSES the 

signs of sleepiness to appear; the animal becomes somnolent and 

may even fall asleep. This is the sleep center. It is thought to act by 

inhibiting the wakefulness center. (We have had many examples 
of inhibition of autonomic centers; recall the control of the heart 
rate, blood pressure, etc.) It is also a good example of how sympa- 
thetics and parasympathetics work in opposite directions. That the 
sympathetic center should be associated with wakefulness js logi- 
cal; consider the excited animal, with his sympathetics in full. 
blown activity; he is certainly more wide awake than the unex. 
cited, phlegmatic, parasympathetic animal. During wakefulness, 
many stimuli flow into this center, maintaining its activity and 
thereby maintaining wakefulness. Such stimuli are of all sorts, but 
pain and proprioception (muscle sense) seem to be especially 
important. Pain will keep you awake, and you cannot sleep on 
your feet; in fact, if you must stay awake, the best thing to do is to 
get up and walk around.) This center, in turn, feeds into the cere- 
bral cortex, producing within it a high degree of excitability. 

The function of the sleep center is not so easily explained. What 
probably happens is that neuronal circuits become fatigued. (Such 
a circuit might consist of a stream of nerve impulses from the 
wakefulness center into muscles, producing a high degree of tonus, 
and, consequently, a stream of nerve impulses from proprioceptors 
from the muscles back to the wakefulness center.) As these circuits 
fail, the activity of the wakefulness center decreases; finally the 
sleep center takes over, and, by inhibiting the wakefulness center, 
causes the person to fall asleep. 

According to Kleitman‘s theory, sleep is due to the cessation of cortical 
activity (his theory ignores the existence of the hypothalamic centers 
described above), resulting from a reduction in the inflow of sensory 
impulses, particularly over proprioceptors. On preparing for sleep, 0n¢ 
intentionally reduces this inflow; the room is dark (visual impulses 
cut off); it is quiet (auditory impulses cut off); and as one relaxes in | 


. ‘ tesa d least 
nice, warm bed, proprioceptive impulses from the muscles are ean 
greatly reduced. According to Kleitman, the inactivity of the © 
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esulling from the ag in inflow of sensory fibers induces sleep. 
supporlns the view Gat the proprioceptors are of especial importance 
js the finding; by Kleitman, that many types of muscular performance 
are most effectively done in the late afternoon and most poorly accom- 
lished early a the morning, which he believes is due to the fact that 
muscle tonus is, in the overall, highest in the afternoon and lowest in 
the morning, and that the diminution in muscle tonus as the evening 
rogresses, invariably precedes sleep. This finding may also be related to 
the diurnal variation in body temperatures previously noted; muscles 
in a high state of tonus would obviously produce more heat (in the 
mid-afternoon) than would muscles in a low state of tonus (early morn- 


ing). 

The inactivation of the cortex need not be uniform, and some 
centers might retain their activity, especially during light sleep. 
Such centers might be aroused by incoming nerve impulses, espe- 
cially from the viscera—dilatation of the stomach by gas, distention 
of the bladder by urine, etc.—and the product of this arousal, we 
call a dream. Dreams are utterly meaningless, and anyone who at- 
tempts to interpret them is wasting his time. Their vividness—and 
s—is due to the fact that the region in the cortex in 
marily, memories are stored is independently “awake” 
ich the perceptive faculties, reason, etc., 


aimlessnes 
which, pri 
while other regions, in wh 
are housed, are “asleep.” 


REVIEW OF NERVOUS SYSTEM ACTIVITY 

id here about the higher “products” of the 
brain's activities—memory, learning, reason, judgment, etc., since 
these fields lie within the province of psychology rather than 
physiology. It must be admitted that there is a tremendous gulf 
between these provinces—a gulf only recently and tenuously 
bridged by researchers in the field of physiological psychology. For 
a physiologist, it is only natural to believe that the explanation of 
these functions must, in the end, be a physiological one. We can 
no learning, nor anything else, without a brain. 
It may be over-simplification for the physiologist to say that mem- 
°ry, for instance, merely represents the use of a certain chain of 
‘yhapses, kept open by frequent use, and that forgetting is merely 
the closing of such a chain through disuse. It might also be over: 


Nothing will be sa 


have no memory, 
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‘THe, 

simplification for him to say that “hnowledye® SIMPLY tepey 
Tits 

the balance between what has been retained (open elreults, 


what has been forgotten (closed circuits); or for him «4, es 


ae SOOT thay 
learning consists merely olf conditioning MANY rellexes Vw, 


statements may be over-simplifications, but in the end, the « pla 
nation will have to rest on neurons, synapses, properties of Condiy 
tion in nerve fibers, properties of conduction in reflex ar 4, ete 
short, on the physiology of the nervous system. 
Let us take a minute to look back and see where we have heen. 
Having chosen the reflex are as our unit of function, we fay, 
studied, first, sensation, because all reflex action results fromm the 
simulation of a sensory receptor. We followed sensory nerve iq. 
pulses into the gray matter of the spinal cord, in which syNapyes 
were made, and nerve impulses flowed out over motor neurons 
(spinal reflexes). Then we saw how impulses might ascend the cord 
and reach the thalamus, and, from here, by way of the corpus 
striatum, red nucleus, and reticular formation, descend the cord 
by way of the rubrospinal and reticulospinal tracts and thus reach 
again the motor neurons (thalamic reflex). We noted how the 
organs of equilibrium of the inner ear, by way of Dieter's nucleus 
and the vestibulospinal tract, might send impulses to the motor 
neurons (vestibular reflexes). The tectospinal tract, carrying im- 
pulses from the non-sensory optic nerve fibers, by way of the 
superior colliculus, and non-sensory auditory fibers by way of the 
inferior colliculus, also connects with motor neurons (visual and 
auditory reflexes). Finally, the pyramidal tract, originating in the 
motor cortex reaches the motor neurons and controls voluntary 
muscular activity. It is easy to see why the motor neurons of the 
cord are called the “final common path.” Nerve impulses over any 
of these tracts can accomplish anything only as they feed into the 
motor neurons whose axons form the common path over which 
they influence muscular activity. 
All of these descending tracts exercise a twofold function. With 
the body at rest, their impulses constantly maintain a “central 
state” that is either excitatory or inhibitory around the moter 
neurons. ‘The reticulospinal and rubrospinal tracts (4 and 2, 1 
spectively, on the accompanying diagram) are inhibitory exceP! atl 


oun 
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MOTOR NEURON 


the fibers which originated in the cerebellum, which are excitatory. 
(The atonia resulting from the removal of the cerebellum will be 
recalled.) Those of the vestibulospinal tract (3 on the diagram) are 
highly excitatory, especially to the neurons serving extensor muscles. 
(Remember the violent contraction of extensor muscles in decere- 
brate rigidity.) The tectospinal tract (5) is largely inhibitory, and 
the pyramidal tracts (/) are excitatory. The normal resting activity 
of the motor neurons in maintaining the tonus of the muscles is a 
response to incoming nerve impulses of muscle sense, influenced 
by the algebraic net of excitatory and inhibitory states produced 
by the nerve impulses coming down the descending tracts. 

The other function of the descending tracts is, of course, to pro- 
duce muscle contraction and activity. All the various reflexes that 
have been mentioned: the thalamic cat’s rage response (over the 
eticulospinal and rubrospinal tracts), the righting reflex (over the 
Vestibulospinal tract), the pricking up of the dog’s ears (over the 
tectospinal tract), the startle reaction (also over the tectospinal 
tract), and the whole gamut of voluntary activities (over the pyra- 
eae tracts) are examples of this function. We must believe then, 

at the centers involved (the red nucleus, the reticular formation, 

pl Nucleus, the inferior and superior sa -. a fone 
is at sig = constantly sending nerve Impu'ss © d their 
t. These impulses are sent at low frequencies Cown 
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respective tracts maintaining either their excitatory or inhin: 

states; but when they become aroused, as in reflex activit Ibito 
frequency of emission of nerve impulses is greatly innevensert their 
member that the only way in which a neuron can res ond : 
stimulus of greater strength is to increase the frequency of loa 
charge.) Finally, the only way in which a motor neuron Its dis. 
crease the activity of a muscle is by increasing the frequen rae 
discharges which it sends down its axon. Y of the 


MUSCLE-NERVE PHYSIOLOGY 


A single axon from a motor neuron, on reaching a muscle di 
vides, or rather, its fibrils spread out and each fibril makes Witten, 
tion with a muscle fiber. There is a specialized structure at this 
point, called a motor end plate (not to be confused with a muscle 
spindle, which is, of course, sensory.) At this point, the fibril pro- 
duces acetylcholine which depolarizes the end plate and permits 
the electric charge to flow into and through the muscle cell: as it 
does so, the muscle cell contracts. The evidence that acetylcholine 
is involved in transmission of the nerve impulse to the muscle is 
fairly good; injection of acetylcholine into the artery supplying a 
muscle, or directly into a muscle, produces a characteristic contrac- 
tion of the muscle. Furthermore, the drug curare, which neutral- 
izes acetylcholine, paralyzes the muscle; that is, it prevents the 
muscle from contracting in response to nerve stimulation. 


The Motor Unit 

An individual motor neuron supplies a large number of indi- 
vidual muscle fibers; in the case of a large, slowly acting muscle, 
the number may be as great as one-hundred and fifty; in small, 
quickly acting muscles, such as the muscles of the eyeball, only five 
to ten muscle fibers may be supplied. One motor neuron along 
with all the muscle fibers which it supplies is called a motor oe 
This is a physiologic unit as well as an anatomic one, since reer 
lation of that particular neuron causes all the muscle fibers © nt 
it serves to contract. The number of motor units in the a 
muscles of the body varies tremendously. In the meen “The 
one of the muscles of the leg—it is thought to be about 1, 
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muscle fibers served by one motor neuron 
each other; they are distributed through 
muscle; therefore, when the 


are not all adjacent to 
a considerable portion of 


the y contract, a single bit of the 
muscle does not twitch, but a part of the muscle as a whole tenses 


a little. This arrangement has the advantage of stimulating a larger 
number of muscle spindles than would otherwise be the case. 

We have said that a muscle’s response depends upon the fre- 
quency of the nerve impulses reaching it. Let us study first the 
behavior of a single motor unit. If the motor unit be stimulated 
at a frequency of, say, once per second, it contracts to its maxi- 
mum, and, to this extent, the motor unit obeys the all-or-none law. 
But the frequency of nerve impulses passing down a motor 
neuron’s axon in the body would never be as slow as this. When 
the following stimulus comes before the muscle fibers have had a 
chance to relax, their next contraction is stronger than before. 

This process, shown below, is called summation. Note that tetany 
occurs at a frequency of around two hundred impulses per second; 
some further strength of contraction occurs at three hundred per 
second, but not a great deal. Three hundred impulses per second 
is about the maximum frequency which the motor neuron is capa- 
ble of conducting. It is in this way, namely by increasing the fre- 
quency of nerve impulses, that the strength of contraction of a 
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motor unit is increased. Considering now the muscle as a Whole, i, 
may contain from several hundred to several thousand ie 
units. Its strength of contraction will depend on the strength of 
contraction of the individual motor units; but, in addition, it will 
depend on the number of motor units contracting at any given 
time; if only a few are contracting, the muscle, as a whole, wil] con- 
tract feebly; if many, or all, then it will contract with its Maximum 
strength. One would think that at low frequencies the Muscles’ 
responses would be jerky, or tremulous. This does not happen fos 
two reasons. One has been mentioned; namely the fact that the in. 
dividual elements of a motor unit are widely distributed through 
the muscle. The other reason is that the discharge of nerve im- 
pulses over the various motor fibers is asynchronous; that is, the 
nerve impulses are out of step with each other. The result of asyn- 
chrony is a “smoothing-out” effect, greater the more fibers were 
considered. We can summarize all this by saying: the tonus of 
a muscle depends primarily on the stimulation of muscle spindles 
within that muscle, the stimulus being provided by the contrac- 
tion of various motor units. Impulses of muscle sense (propriocep- 
tion) pass into the spinal cord and are transmitted to the motor 
neurons. These, in turn, carry nerve impulses into the muscle 
where they cause the contraction of various motor units. This is 
the essential mechanism. But, in addition, there exist around the 
motor neurons excitatory or inhibitory states, produced by im- 
pulses from the descending tracts. These facilitate or inhibit the 
response of the motor unit to the impulses of muscle sense. The 
frequency of nerve impulses in the individual motor units, at rest, 
is low, but since their “firing” is asynchronous, the response is 
smooth; thus the tonus of a muscle is not a series of weak jerks, 
but a smooth state of partial contraction. Thousands of different 
degrees of contraction are possible as more motor units become !- 
volved and as the frequency along each fiber increases, until max 
mum contraction (tetany) is achieved. Tetany is when all motor 
units are involved and when the frequency of nerve impulses !s at 

its Maximum. 
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muscle Metabolism 


When a muscle contracts, a number of things happen. Food dis- 
appears from the muscle, oxygen is consumed, carbon dioxide is 
liberated, work is done, and heat is produced. It all sounds feeuunie 
ably simple. One might say: glycogen, stored in the muscle, is the 
source of fuel; to burn it, oxygen is consumed and carbon dinslde 
is liberated; and the burning provides the work energy and the 
heat energy. But there must be more to it than that. A man’s maxi- 
mum oxygen intake is no greater than four liters a minute—no 
matter how hard he breathes, only four liters of oxygen can get 
through the walls of the alveoli into the blood—but he can do, in 
that minute’s time, work equivalent to the burning of twenty liters 
of oxygen. A hundred-yard sprinter takes a deep breath at the be- 
ginning of the race and does not breath again until the finish; he 
could not possibly have stored enough oxygen for this effort. Final- 
ly, it can be shown experimentally that a muscle can contract, do 
work, and liberate heat in an atmosphere of nitrogen. In other 
words, it can do these things in the total absence of oxygen. It is 
clear, then, that the body is not a simple “heat machine.” Cut off 
the oxygen supply to a steam boiler, or to your car, and the wheels 
stop turning immediately, not so the body. This brings us to the 
Hill-Meyerhoff theory of muscle metabolism. In essence, it is as true 


as it ever was; but we shall see, recent knowledge has required us 


to make certain modifications. 


If two muscles are studied, one in an atmosphere of oxygen, the other 
in nitrogen, certain differences will be noted. Following stimulation, 
the muscle in oxygen will contract, there will be a production of heat 
(primary heat), followed a little later by a secondary heat output (re- 
covery heat), Ihe muscle in nitrogen will contract, the primary heat will 
follow, but no secondary heat will be put out. As stimulation continues, 
glycogen disappears rapidly from the muscle stimulated in nitrogen, 


but much less rapidly from the muscle stimulated in oxygen. Finally, 


lactic acid accumulates rapidly in the nitrogen-stimulated muscle, but 
When the concentration 


does not in the muscle stimulated in oxygen. 
of lactic acid in the muscle in nitrogen has reached a level of 0.3 to 0.5 per 
cent, the muscle will fatigue or stop contracting; the muscle in oxygen 
will continue to contract until its glycogen stores are exhausted. 

The Hill-Meyerhoff theory explains these happenings as follows: An 
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in the burning of glycogen Is its conversion into Jac 
step n which liberates heat and energy, but which 
lycogen goes first to glucose, the re 


early tic acid, 
Tequires 


This is a reactlo 


no oxygen. Assuming that 8 ey 
cal CoH1206 7 2C3H Os + energy 
(glucose) (lactic acid) 


n took place in both muscles, since oxygen is not require 
{th of the lactic acid is burned. (This does require oxygen, 
The energy from this burning appears partly as heat (recovery heat) 
and the rest is used in the reconversion of the other four-fifths of the 
lactic acid back to glycogen. In the absence of oxygen, this reaction 
could not occur; therefore, there was not an output of recovery heat in 
the nitrogen-muscle. There was an accumulation of lactic acid, since 
it could not be burned or reconverted, and the glycogen disappeared, as 
it was not re-formed from lactic acid. We can set up a balance sheet to 
show the energies involved (it will be noted that these are small calories): 


This reactio 
Then, one-fi 


1 gm. glycogen when burned, liberates 4,000 calories 
1 gm. lactic acid, when burned, liberates 3,600 ” 
Conversion of 1 gm. glycogen to lactic acid 

liberates 400” 
(Burning of 1 gm. lactic acid liberates 3,600 ” ) 
Therefore: burning of 1/5 gm. lactic acid 

liberates 720. =” 
Reconversion of 4/5 gm. lactic acid to glycogen 

requires 4/5 of 400 calories 320.” 
Liberated as heat (recovery heat) 400” 


These figures can be summarized by saying: The conversion of one 
gram of glycogen into lactic acid liberates 400 calories of heat. This 
happens in both muscles. Burning 1/5 gram of lactic acid results in the 
liberation of 720 calories, of which 320 are used to reconvert the 4/5 
remaining gram of lactic acid back to glycogen, and the other 400 
calories appear as the recovery heat. None of this burning takes place 
in the muscle stimulated in nitrogen, since to burn the 1/5 gram ° 
lactic acid, oxygen is required. 


Oxygen debt.The energy which enables a man to do work 
equivalent to twenty liters of oxygen while his intake is only four 
liters, is provided by the breakdown of glycogen into lactic acl. 
This, however, cannot continue indefinitely because the Jactic acl 
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accumulates in the blood and the muscles 
concentration of about 0.5 per cent, muscle 
so the work must cease. The excess lactic acid is now burned, in 
part, and reconverted, in part, to glycogen. This burning is post- 
poned until the exercise or work is over; the person pants, or 
breathes deeply and rapidly while he is repaying this “oxygen 
debt.” The term “oxygen debt” is a good, descriptive term; it 
means that during the exercise oxygen could not be taken into the 
body fast enough to burn the lactic acid. The person went into 
“debt” for oxygen, and he must now repay this debt. 


» and when it reaches a 
scan no longer contract, 


Perhaps a little problem will help. Say a man’s weight is 
70 kg., and he is about 40 per cent muscle. Say he works to 
absolute exhaustion; at that point, the lactic acid concentra- 
tion in his muscles will have reached 0.5 per cent. To do this 
will require an accumulation of: 40% x 70 kg. x 0.5% = 140 
grams of lactic acid. However, only 1/5 of the lactic acid must 
be burned; the rest will be reconverted into glycogen. 1/5 of 140 
gm. is 28 gm., and that is the amount which must be burned. 
One liter of oxygen will burn 1.34 gm. of lactic acid: 


C,H,O, + 30, — 3CO, + H,O 
90 gm. + 3 x 22.41. = 67.21. 
67.2 1. of O, will burn 90 gm. of lactic acid 


lliter = ao = 1.34 gm. of lactic acid 


28 gm. will require ce = 21 liters of O, 

This twenty-one liters of oxygen is what he went into debt for 
and must now repay. For a few minutes after his exercise, he will 
be panting with all his might and will be getting oxygen at the 
rate of four liters a minute; then, gradually, his breathing will 
decline. Actually, the amount of lactic acid that he had to dispose 
of was considerably greater than we calculated, since the blood 
and tissue fluids would contain large amounts. The reconversion 
of lactic acid to glucose is done in the liver; this glucose is carried 
by the blood to the muscles and stored again as glycogen (Cori's 
cycle). 
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High-energy phosphate bonds.—The Hill-Meyerhog tl 

as has been said, still valid for explaining the fundament ri § 
of energy in muscle metabolism. However, certain rho 
have had to be made to explain the immediate source, | Unse 

was the first to throw a monkey wrench into the machiner oe 
he showed that a muscle, poisoned with iodo-acetic acid Pett 
and gave out heat with no lactic acid being formed. itn 
studies on the rate of the reaction, glycogen — lactic acid ae 
cated that this reaction was far too slow to liberate the nae. 
immediately required by the contracting muscle. " 


l SOUT, e 
fication, 


There exist in muscle certain phosphorus-containing co 
in which the phosphate group is joined to the rest of ihe Dalits fe 
what are called high-energy phosphate bonds. (The formation of ne 
compounds has previously been described.) When the bond is ruptured 
large amounts of energy are liberated; around twelve Calories per 
molecular weight of phosphate. The first of these compounds to be dis- 
covered was phosphocreatin, in which one phosphate molecule is com. 
bined with one creatin molecule (C ~ P). (The high-energy phosphate 
bond is generally indicated by a wavy line to distinguish it from other 
bonds.) Phosphocreatin was at first believed to supply the immediate 
energy of muscular contraction, but studies of its reaction time again 
showed it to be too slow. Finally, a compound known as adenosine 
triphosphate (ATP) was discovered. Its breakdown into adenosine di- 
phosphate (ADP) is extremely rapid, and it is this reaction which is 
now believed to furnish the energy for contraction. ATP has two high- 
energy bonds; liberation of one phosphate group results in the forma- 
tion of ADP, and this, in turn, breaks down into adenosine monophos- 
phate (AMP), in which, however, the phosphate is bound by the usual 


(non-energy) bond: 


Adenosine——Phosphate ~ Phosphate ~ Phosphate 
(Adenosine triphosphate) 


Adenosine——Phosphate ~ Phosphate + Phosphate 
(Adenosine diphosphate) Energy 


Adenosine——Phosphate + Phosphate 


(Adenosine monophosphate) Energy 
he muscle are as 
| by the rup 


ts of energy-liberation in t 
raction 


beratec 


So, the sequence of even 
for the cont 


follows: ATP breaks down into ADP; the energy li 
ture of this high-energy bond is the source of energy 
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Physiological Adjustments in Exercise 

As we have seen, the accumulation of lactic acid in the Muscles 
is the cause of fatigue, and fatigue forces cessation of the eXercise, 
If the exercise is to be continued, lactic acid must be removed. 
This removal is accomplished by increasing the supply of oxygen, 
Many adjustments are made by the body to insure an increaseq 
supply of oxygen during exercise. These have all been discussed 
before, but will be listed again: 

(1) Adjustments of the circulation. The heart rate and stroke 
volume increase; this increase in cardiac output occurs by a factor 
which may be as great as six, namely from a resting rate of five 
liters to as much as thirty liters per minute. Operating to produce 
this increase in cardiac output are the Bainbridge reflex which in- 
creases the heart rate, and the natural ability of the heart to dilate 
and thus increase the stroke volume. This increase is necessary not 
only to increase the oxygen supply to the muscles, but also to move 
the blood rapidly through the liver, where the conversion of lactic 
acid into glucose ocurs. The vasomotor center does its share by 
shunting blood away from regions where it is not needed, such as 
the intestine, into the muscles. This is accomplished by vasocon- 
striction in the former and vasodilatation in the latter regions. 
Dilatation of blood vessels in the muscles is also produced by 
direct action of carbon dioxide and lactic acid on the blood vessels 
of the muscle. The spleen contracts, thereby increasing the blood 
volume and the number of red cells per unit of blood. Hemo- 
globin makes its contribution by a greater breakdown of oxy- 
hemoglobin and consequently a greater release of oxygen. As the 
average tissue fluid oxygen pressure falls from its resting value of 
40 mm. to 20 mm., the amount of oxygen liberated per 100 cc: 
rises from 5 cc. to 15 cc. 

(2) Respiration. The respiratory center is stimulated in part by 
the rise of carbon dioxide in the blood and in part by nerve im- 
pulses arising in the the active muscles; this increases the pul 
monary ventilation from a resting five liters per minute to eighty 
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liters or more and maintains a high oxyge 
in spite of the large volumes being withdr 
leaves the lungs fully saturated with Oxy 
the numerous actions of adrenalin if the exercise is accompanied 
by excitement, as in the case of competitive sports. 

Success in making these adjustments is illustr 
rence of the second wind. Every athlete h 
ing of inability to get sufficient air into his lungs (dyspnea), and has 
had that feeling followed by one of relative ease of respiration 


which he calls “getting his second wind.” A few figures are given to 
contrast the two states: 


N pressure in the air sacs 
awn; the blood therefore 
gen. Added to all this are 


ated by the occur- 
as experienced the feel- 


DYSPNEA COMPARED WITH SECOND WIND 
1.14 —RQ-— 98 
6.38%, —Alveolar co,— 5.71% 

110 liters —Pulmonary Ventilation— 72 liters 

56 —Rate of Respiration— 36 


The subject of these figures was doing the same amount of meas- 
ured work under the two conditions; therefore, a pulmonary ven- 
tilation of 72 liters was adequate. Why, then, before second wind 
made its appearance, was his pulmonary ventilation 110 liters, and 
what happened to reduce it? (He had no need for the extra forty 
liters of air, and the breathing of it is what caused fatigue of the 
respiratory muscles and the feeling of dyspnea.) The cause is ap- 
parent from the high RQ and the high alveolar carbon dioxide. 
First of all, one wonders how the RQ could be 1.14 when the 
RQ for glucose (the highest of any foodstuff) is only 1. It will be 
recalled that a great deal of carbon dioxide in the blood is carried 
4s sodium bicarbonate. Lactic acid is a strong acid, and as it enters 
the blood from the muscles, it steals base from the sodium bicar- 
bonate, becoming sodium lactate, and releases carbon dioxide. 
The reaction is: 


HLac + NaHCO, — NaLac + H2COs 
H.CO; =F H,O +- CO, 


This is not metabolic carbon dioxide, but merely ae di- 
*side which has been liberated from sodium ee t : 
added to the blood, however, and escapes from the lungs, thus 1 
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creasing the value of the carbon dioxide in the respiratory quo. 
tient formula: vol. C,0/vol. O:. It also slanted the Percentage of 
carbon dioxide in the air sacs, and consequently in the blood, This 
stimulates the respiratory center beyond all need, and the extreme. 
ly high pulmonary ventilation 1s the result. During the time be. 
tween the dyspnea and the second wind, the adjustments described 
above for the provision of more oxygen were made; the cardiac 
output was increased; more blood was provided the muscles; etc. 
These adjustments are not made instantaneously; they require a 
little time. With the oxygen supply increased, however, the lactic 
acid is now being disposed of; some of this lactic acid is burned 
and some reconverted to glycogen. This makes sodium available to 
combine with carbon dioxide again and the RQ and alveolar 
carbon dioxide fall to normal, or nearly normal levels. With the 
excessive stimulus of carbon dioxide on the respiratory center 
eliminated, the center returns to a level of activity which, although 
still very high, as compared to the resting state, is no longer exces- 
sive. The respiratory muscles are no longer so terribly overworked 
and a feeling of ease steals over the subject. 

So far, nothing has been said about the availability of fuel. In the well- 
nourished individual the fuel supplies are ample for most tasks, al- 
though the marathon runner after five hours of running may develop 
hypoglycemia from exhaustion of his glycogen stores. (That is the reason 
he drinks a little orange juice or glucose solution as he runs.) About 40 
per cent of the body weight in a well-muscled individual is muscle, and 
muscle contains about | per cent of glycogen. While not all the glycogen 
in the liver is available, much of it is. The liver is about 3.3 per cent of 
the body weight and its glycogen content is from 5 to 10 per cent. There- 
fore, in a 70-kg. man, there is available 280 gm. of muscle glycogen, and 
most of 230 grams of liver glycogen, or about 500 grams in all, which 1s 
equivalent to 2,000 calories. In addition, both protein and fat may be 
converted to glucose although the conversion of fat is a slow process. 
Disregarding the conversion, 2,000 Calories is the equivalent of 400 
liters of oxygen (one liter equals about five Calories), which means that 
400 liters of oxygen could be used, for work and heat before the glyco- 
gen stores were exhausted. In the example which we considered some 
pages back, the man was utterly exhausted when he had done wor 
ps Nadine to only 67.2 liters of oxygen, indicating that it is lactic acid 

mulation, and not exhaustion of the glycogen stores, which 1s 
sponsible for fatigue. 
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tHE AUTONOMIC NERVOUS SYSTEM 


The chief functions of the autonomic nery 
maintain a constant internal environment. 
function of me parasympathetics, but since the parasympathetics 
and sympathetics often” work together, it should perhaps be 
ascribed to both; (2) to operate in emergencies, producing re- 
sponses which increase the animal's chances of survival. This is 
primarily a function of the sympathetics. 

Much has already been said about the autonomic nervous sys- 
tem, but some repetition is unavoidable. The parasympathetics 
leave the central nervous system in the third, seventh, ninth, and 
tenth cranial nerves; and, at the lower end of the cord, by way of 
the pelvic nerve. The sympathetics leave in the twelve thoracic 
and three upper lumbar spinal nerves. For both systems the chief 
center lies in the hyopthalamus, which communicates with second- 
ary centers lying in the medulla of the brain. 

Let us consider the vagus nerve as an example of the parasympa- 
thetic division. It is primarily a motor nerve, although it is really 
a mixed nerve; thus, we have noted that the sensory fibers of a 
number of reflexes (Bainbridge, Hering-Breuer) ascend in the 
vagus. Neglecting these sensory fibers and considering only the 
motor, they are the axons of neurons whose cell bodies lie in the 
dorsal ganglion of the vagus in the medulla, Comparing this to the 
voluntary nervous system, this would correspond to cells lying, 
say, in Dieter’s nucleus or in the motor cortex. But just as fibers in 
the pyramidal tracts do not go directly to muscles, but synapse 
with motor neurons, the vagal fibers do not directly serve muscles 
either; these fibers are called preganglionic fibers and make a 
synapses with another neuron, from which the postganglionic fiber 
reaches the muscle. In the case of the parasympathetic division, 
these synapses are made on, or very near, the organ served sO that 
the preganglionic fiber is long and the postganglionics fiber 1s 
short. Thus, the vagal fibers to the heart make synapses with post- 
ganglionic neurons within the wall of the heart itself; the post- 
ganglionic fibers then proceed to the SA node or to Whatever 
other region they supply. As for the sympathetics, their pregan- 


Ous system are: (1) to 
This is primarily a 


CT RS 


SYMPATHETICS PARASYMPATHETiCg 


SALIVARY 
GLANDS 


HEART 


: 


C) CERVICAL STOMACH 
SYMPA- 


CERVICAL 
CORD 


 THETICS DP 
. LIVER 
THORACIC 
CORD ; 
PANCREAS 


Y SPLANCHNIC Cf) 


SMALL INTESTINE 


INTESTINE 


| 


BLADDER 


GENITALS | 


DistaieuTiTo'R OF 
ONOMIC NERVOUS SYSTEM 


SACRAL 
CORD 


THE AUT 


The Nervous System 585 
slionie neurons have their cell bodies locate 
ihe spinal cord between the first thoracic and the third lumbar 
nerve, inclusive. Their axons, the preganglionic fibers, leave the 
cord along with the motor fibers of the voluntary nervous system, 
until they have emerged from the vertebral column. Once outside 
the column, they leave the spinal nerve in what is called the white 
ramus, and pass into one of the sympathetic ganglia, which lie in a 
chain along both sides of the vertebral column. There are twenty- 
two such ganglia in the chain on either side of the vertebral col- 
umn; others, such as the cervical sympathetic ganglia in the neck, 
the celiac ganglion in the abdomen, etc., lie elsewhere in the body. 
The preganglionic fibers may synapse in the first ganglion entered, 
or they may proceed up or down the chain before synapsing. In the 
end, however, they do synapse with a cell lying in a ganglion, the 
axon of which cell emerges as the postganglionic fiber. It may 
return to a spinal nerve and follow it to the periphery of the body, 
or it may pursue an independent course, many times along the 
wall of an artery. It is characteristic of the sympathetic nervous 
system, then, for the preganglionic fiber to be short and the post- 
ganglionic fiber to be long. You will have noticed that we have left 
a gap between the sympathetic centers in the medulla and the cell 
bodies lying in the gray matter of the cord; in other words, we 
have not mentioned in which of the descending tracts the fibers 
from the centers to the cell bodies lie. This question has not been 
definitely answered; however, most neurophysiologists believe 
they lie in the reticulospinal tract. 

As stated, all of these fibers are motor fibers. Nevertheless, their 
activity is reflex activity. The sensory portion of the arc may lie 
Within nerves belonging to the autonomic nervous system, or 
sensory impulses may follow routes to the brain previously de- 
scribed under the voluntary nervous system. As examples of the 
first, we have such reflexes as the Bainbridge reflex, where both 
sensory and motor components lie in the vagus; the same is true 
of the aortic reflex. For the second, the infliction of pain on the 
body may result in alteration of the heart rate. In this case, nerve 
impulses for pain ascend to the brain by the route previously de- 
scribed; that is, over the spinothalamic tract to the thalamus, and 


d in the gray matter of 
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from there to the hypothalamus. The hypothalamus may then send 
impulses to the sympathetic center in the medulla and the heart 
rate be increased, or to the parasympathetic center, resulting in 
a decrease in the heart rate. Or, the flavor of a tasty meal will, at 
least in part, be responsible for the sending of nerve impulses Over 
the vagus to the gastric glands, promoting gastric juice secretion, 
There are, in fact, spinal reflexes for the autonomic Nervous sys. 
tem, just as there are for the voluntary. We have seen, for instance, 
that the center for voiding the bladder lies in the spinal cord; this 
is a purely parasympathetic reflex, but, after the period of spinal 
shock has passed, it functions in the spinal animal. Similarly, it js 
possible to obtain reflex blanching of the skin in the spinal animal: 
this is purely a sympathetic reflex. Finally, there are reflexes where 
the sensory portion of the arc lies within the autonomic nervous 
system and the motor element in the voluntary. The Hering- 
Breuer reflex is an example of this type. 

When a given organ receives both sympathetic and parasympa- 
thetic innervation the effects of stimulation are usually opposite; 
some organs, however, receive only one or the other. The table on 


page 587 summarizes the results of stimulation for a number of 
organs. 


THE CEREBROSPINAL FLUID 


The lateral ventricles—those lying within the cerebral hemi- 
spheres—are large and extend to all regions of the brain. They con- 
nect with the third ventricle by means of the foramen of Monroe; 
the third connects with the fourth by way of the aqueduct of Sylvius; 
and the fourth ventricle narrows and continues as the central canal 
of the spinal cord. 

The surfaces of the brain and spinal cord are covered by three 
connective tissue sheets, called, collectively, the meninges (menin- 
gitis is an inflammation or infection of the meninges). They are 
proceeding from the outside inward: the dura mater, a very tough, 
fibrous coat; beneath it, the arachnoid, a very thin, spider-web-like 
membrane; and, adherent to the brain or cord, the pia mater. There 
Is a considerable space between the arachnoid and the pia mater, 


called the subarachnoid space, which is filled with 
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cerebrospinal fluid. 


There are in all the ventricles of the brain, but e 
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a fluid, the 


specially in the 


jateral ventricles, masses of a glandular type of tissue, the choroid 
plexuses. These secrete the cerebrospinal fluid, which fills the ven- 
tricles and the central canal of the spinal cord. There are three 
openings from the fourth ventricle into the subarachnoid space; 


EFFECTS OF AUTONOMIC STIMULATION ON VARIOUS ORGAN SYSTEMS 


ORGAN SYSTEM 
OR FUNCTION 


Pupil of the eye 
Accommodation 


Salivary glands 
Sweat glands 
Heart 

Blood pressure 


Coronary arterioles 
Bronchioles 
Digestive system 


Gastric secretion 
Pancreatic secretion 
Gallbladder 


Liver 


Bladder 


Penis 
Blood coagulation 
Erector pili 
(muscles which 
elevate the hairs) 
Basal metabolism 
Secretion of 
adrenalin 


xygen consumption 
by brain 


"All effects brought about by sympathetic stimulation are du 


SYMPATHETIC STIMULATION 


Dilatation 
None 


Scanty, thick secretion 

None 

Increases rate and strength 

Constriction of arterioles of general 
circulation, causing increase in 
blood pressure 

Dilatation 

Dilatation 

Decreased peristalsis and increased 
contraction of sphincters 

None 

None 

None 


Stimulates glycogenolysis and relaxes 
hepatic sphincter 

Relaxation of bladder wall and 
contraction of sphincter (storage 
reflex) 


Ejaculation 


Increases rate of coagulation 
Hair stands on end 


Increased 
Stimulates secretion 


Increased 


© Mert on the sweat glands and on the secretion of adrenalin. 


plicated by adrenalin with the exceptio 
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Secretion 

Contraction of gall- 
bladder and relaxa- 
tion of sphincter of 
Oddi 

None 
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Erection 
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two lateral ones, called the foramina of Luschka, and 
the foramen of Magendie. Through these openings, the cerebry 
spinal fluid drains and fills the subarachnoid space. Since the cer. 
brospinal fluid is constantly being secreted, it must 8° somewhere 
It does so by returning to the blood, through the arachnoid villi. 
These are finger-like projections of the arachnoid, extending 
through the substance of the dura mater; they are found in places 
where the dura mater has split, to enclose the blood sinuses, There 
is, therefore, a continuous circulation of the cerebrospinal fluid 
from the choroid plexuses into the ventricles, out of one of the 
openings into the subarachnoid space and back into the blood 
through the arachnoid villi. 

The total amount of cerebrospinal fluid is 100-120 cc. Its pres- 
sure, in the recumbent position, is about 8-10 mm. Hg; the amount 
secreted in twenty-four hours is about 400 cc. It has two main func- 
tions: (1) it protects the brain against injury by forming two water 
cushions, one outside and one inside the brain—a sharp blow will 
have its force dissipated by a spreading of the outside layer, and, in 
a way, by being absorbed by the inside layer. (2) It has a nutritive 
function, although the concentration of amino acids and of glucose 
is somewhat less than in the plasma. There is, normally, almost no 
protein in the cerebrospinal fluid, and only five or so lymphocytes 
per cubic millimeter. It is likely that some regions of the brain de- 
pend almost entirely on the cerebrospinal fluid for their nutrition. 

In the lumbar region of the cord is a space, called the lumbar 
cistern, from which the cerebrospinal fluid may easily be with- 
drawn. This procedure is called a spinal puncture. It is done for 
several reasons; samples of the fluid may be withdrawn, and, in 
some cases, differences in the protein or cell content of the fluid will 
be found useful in the diagnosis of disease. An increase in the cell 

count, for instance, might be indicative of meningitis or pollo; 
increases in the protein content might mean syphilis. In brain 
tumor, the pressure of the cerebrospinal fluid is usually high; with 
drawal of some of the fluid through the lumbar cistern will reduce 
the pressure. _ 

Finally, spinal anesthesia has become, in recent years, a ven 
method for certain types of abdominal operations. The anesthet( 
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ig injected directly into the Cerebrospinal thai 


having & greater density than does the 
therelore remains, More or less, where it i 
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s placed. The pacrenty ts 


conscious, and, if he wishes, can watch the Surgeon remove lis 


appendix, 

Babies are sometimes born without the foramina through which 
the cerebrospinal fluid drains into the subarachnoid space. Such 
a condition, in which these foramina are congenitally absent, ts 
called internal hydrocephalus, Or the arachnoid villi may be poor- 
ly developed, in which case, the fluid accumulates inthe sub. 
arachnoid space—this is called external hydrocephalus, ‘There is 
almost No treatment for these conditions, Sometimes, an artificial 
opening can be made between the ventricles and the subarachnoid 
space for the first type; for the second, portions of the choroid 
plexus may be removed. Frequently, however, the condition de- 
velops before the child is born and the enlarged head cannot pass 
through the birth canal. 


CHAPTER 18 


Included under the category “special senses” are those senses whose 
receptors are located in specialized structures. For vision this is the 
retina of the eye; for hearing, the cochlea of the ear. Taste is expe- 
rienced via the taste buds of the tongue; and the sense of smell 
originates in the olfactory epithelium. In the preceding chapter we 
described equilibrium as a special sense, also, with its receptors 
located in specialized organs of the inner ear: the utricle, the sac- 
cule, and the semicircular canals. 


THE EYE 


The eyeball is composed of three layers. The tough and fibrous 
outer coat is the sclera, or sclerotic coat; this forms the “whites of 
the eyes.” The portion of the sclera facing directly forward is the 
transparent cornea; vision depends on light being able to pass 
through the cornea. Immediately behind the cornea is the iris, the 
most anterior portion of the middle, or choroid, coat of the eyeball. 
The iris contains pigment granules that give the eye its color. The 
pupil is a small opening in the very center of the iris. The inner 
coat, or retina, is incomplete, covering about two-thirds of the 
inner surface of the eyeball. It contains the receptors for vision 
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CROSS-SECTION OF THE EYEBALL 


from which nerve impulses pass to the brain by means of the optic 
nerve. Between the cornea and the iris lies the anterior chamber, 
which is filled with a watery fluid—the aqueous humor. Between 
the iris and the lens lies the small posterior chamber, and behind 
the lens is the vitreous body, filled with a jelly-like substance, the 
vitreous humor. To reach the retina, light must pass through these 
structures: the cornea, the anterior chamber, the pupil, the lens, 
and the vitreous body. 

The eye is, first of all, an optical instrument by means of which 
light is brought to a proper focus on the retina. This function of 
the eye will be described first. In the second place, the eye is the 
organ of vision; by means of retinal reactions and the conduction 
of nerve impulses to the brain, the light focused on the retina is 
translated into visual images, or seeing. 


-— Eye as an Optical Instrument 

- There are many points of similarity between the eye and a 
“amera, Fach has an opening through which light enters. In the 
“Y¢ this is the pupil; in the camera, it is the diaphragm. Both are 
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adjustable, so that the amount of light that is permitted to enter 
may be regulated. Each has a lense system to permit focusing; in 
the camera, the lens may be moved backward or forward; in the 
eye, this is accomplished by “accommodation.” The inside of the 
camera is painted black, to prevent reflected light from striking 
the film; the choroid coat, a dark, almost black coat, accomplishes 
the same purpose in the eye. Corresponding to the film is the 
retina, and in both cases the reaction to light is a chemical one. It 
is true that the eye is not equipped with a shutter, but the rapidly 
moving shutter of a motion picture camera is, in a way, analogous 
to the refractory period of the fibers of the optic nerve, which 
make of vision a discontinuous process. 

The pupillary reflexes—The pupil is an opening in the iris, 
through which light enters. Structurally, it consists of two muscles, 
the sphincter muscle of the iris and the radial muscles. ‘These work 
in opposite directions; if the sphincter muscle contracts, the open: 
ing is reduced in size; if the radial muscles contract, the opening 
is widened. Both are reflex activities, the sphincter muscle being 
supplied by the parasympathetics and the radial muscles by the 
sympathetics. 

The constrictor reflex operates when one goes from a dimly 
lighted room into the bright sunlight; the pupils constrict. This !s 
brought about as follows: Elements in the retina are stimulated by 
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the bright light, and impulses ass over non-sensory fibers in the 
optic nerve ¢o the superior colliculus. This center h 
pion with the “Eddinger-Westfall” nucleus, 
eiven to the portion of the motor nucle 
nerve in which lie the parasympathetic cell bodies. Fibers from 
the Eddinger-Westfall nucleus pass along with the other motor 
fibers of the third to the eyeball. Here, they leave the 
and enter the ciliary ganglion. In the ganglion, the 
with the postganglionic neurons whose short fibers pass to the 
sphincter muscle, causing it to contract; at the same time, the 
radial muscles are relaxed and the pupil is constricted. 

The dilator reflex produces the opposite effect. Here, the sympa- 
thetics are involved. In going into a darkened room from bright 
sunlight, nerve impulses pass over non-sensory fibers of the optic 
nerve to the superior colliculus. By a route which is not definitely 
known, but which probably makes use of the reticulospinal tract 
to reach the gray matter of the cord, nerve impulses flow from the 
preganglionic neurons up the preganglionic fibers of the cervical 
sympathetic nerve to the superior cervical ganglion. Here, they 
synapse with postganglionic neurons whose fibers follow the in- 
ternal carotid artery to the eye. They innervate the fibers of the 
radial muscles, causing them to contract; the sphincter muscle 
relaxes, and the pupil is dilated. (It may be recalled that adrenalin 
also dilates the pupil in accordance with its property of duplicat- 
ing sympathetic activity.) The range between constriction and 
dilatation is quite large; the pupils may be constricted until their 
diameters are no more than 1 mm. and dilated to a diameter of 
10 mm, 

Focusing.—In the eye as well as in the camera, focusing is neces- 
‘ary in order to bring a point of light to a focus instead of allowing 
't to diffuse all over the retina. If one considers any visual object as 
©Nsisting of innumerable points of light, it is clear that without 
focusing, the image of the object would be blurred. Focusing de- 
Pends on a property of light called refraction, which is the seinen 
fown of the speed of light when it passes from air into a denser 
Medium, such as water, or glass, or the lens of the eye. 
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BENDING OF LIGHT WAVES BY WATER 


Everyone has observed how, when you stand at the edge of a 
swimming pool and look down into the water, the bottom of the 
pool looks closer than it actually is; that is, the pool looks shal- 
lower. This is because light passes through water more slowly than 
it does through air; the eye does not realize that water is having 
that effect; therefore, the bottom of the pool seems to be as far 
from the eye as it would be if light had its normal velocity. In this 
example, we are considering the light as passing straight down. If 
it strikes the water at an angle, it is bent. If one puts a silver dol- 
lar in an empty bucket and places one’s head so that the top edge 
of the bucket just prevents him from seeing the dollar, and then 
puts water in the bucket, the dollar can be seen. This is not be- 
cause light can go around corners, but because the light, on passing 
into the water, is bent. 


We can compare this action of light to a company of soldiers, march- 
ing company front across a parade ground and then striking a plowed 
field. If they all hit the field at once, their direction would not be 
changed, but they would all be slowed down by the plowed field. If, 
however, they strike it at an angle, then the men striking it first will be 
slowed down, and when the last man has entered, the direction of ad- 
vance will have been “bent.” If the field is shaped like a prism, then 
the last men in will be the first men out; they will be advancing rapidly 
on solid ground while the other end of the line is still dragging its way 
through the field. There will also be another shift in the direction of 
march when they have all emerged from the field. And it must be noted 
that the change in direction is greater, the greater the angle at which 
they strike the plowed field. 


UMN OF MEN MARCHING INTO A 
ED FIELD CHANGES DIRECTION 
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Let us now consider the rays of light given off by a point of light 
more than 20 feet distant from the eye. At 20 feet or more, the a4 
are parallel to each other. (They are not exactly parallel and would 
not be so unless the point were an infinite distance from the eye, 
but to all intents and purposes as far as the eye is concerned, they 
are parallel at that distance.) Although the surface of the lens is 
curved, it can be considered as consisting of innumerable plane 
surfaces. The rays of light striking the center of the lens will not 
be bent at all, but will merely have their velocity reduced. As we 
pass from the center toward the outer edge of the lens, the angles 
of the individual planes are increased; therefore, the rays of light 
are bent more and more, and the net effect is to bring the point of 
light into focus on the center of the retina. 

This sounds as if the lens were the only region of the eye where 
light waves were bent; actually, refraction occurs as light passes 
through the cornea, the anterior chamber, and the posterior cham- 
ber, since these all have densities greater than the air, but since the 
lens is the changeable part, we speak as though all refraction took 
place there. 

The ability of a lens to bend light is expressed in diopters. If a 
lens brings parallel rays of light into focus at a distance 1 meter 
behind the lens, it has a refractive power of one diopter; if it is a 
stronger lens, that is, more curved, and brings the rays into focus 
at a distance of 0.5 meters, it has a refractive power of two diopters. 
In other words, the greater the curvature of the lens, the closer be- 
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INVERSION OF IMAGE ON RETINA 


hind it will be its focus, and the greater will be its refractive 
power. The total refractive power of all elements in the eye is 
about forty-eight diopters, the lens contributing only about half, 
or twenty-five diopters. 

The image of an object on the retina is always upside down and 
a mirror image, as shown by the diagram. Considering the topmost 
point, rays striking the upper edge of the lens will be most sharply 
bent; those passing through the midpoint of the lens are not bent 
at all, and those striking the lower edge are again sharply bent. 
This brings the top point of the object to a focus below the center 
of the lens and the reverse for the bottom point. The question is 
frequently asked: Why, then, do we not see things upside down? 
At first, perhaps, the infant does see things upside down, but he 
soon learns that his mother is not standing on her head, but has 
her feet on the floor. Lenses have been made which reverse the 
image of objects on the retina; a person wearing such lenses at first 
sees things upside down, but soon learns to interpret properly 
what he sees. When he takes them off, he has to learn all over 
again. The formation of the image on the retina, is, after all, only 
one step in the process of vision. It is the brain which actually 
sees, not the retina. 

Accommodation.—As we have seen, a point of light at a distance 
greater than 20 feet from the eye, emits rays which are practically 
parallel to each other. In the normal, resting eye (emmetropic eye), 
these rays are brought to a focus on the retina. However, if the 
point is brought closer than 20 feet, the rays diverge, and, unless 
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ACCOMMODATION 


something is done about it, they come to a focus behind the retina, 
making the retinal image a blur. In the camera, the lens is moved 
closer to the object, and this brings the point onto the film. Certain 
fish have their eyes on the ends of stalks which they manipulate in 
the same way, bringing their eyes closer to the object. 

We depend upon a more complicated mechanism, namely, the 
accommodation reflex. The lens is a crystalline object, which, if 
freed from its attachments, automatically tends to assume a more 
spherical shape. In the resting eye, it is held in a flattened position 
by the pull of the suspensory ligaments which are attached to its 
border all the way around. The pull of the suspensory ligaments 
is, in turn, due to the pressure of the vitreous humor. If the pull 
of the suspensory ligaments could be “slackened off,” the lens 
would automatically bulge, and this would increase its refractive 
powers. There is a muscle called the ciliary body, the rear end of 
Which is attached to the choroid coat at about the point where the 
ny ligaments are attached; its forward end is attached to 
the sclerotic coat. If this muscle contracts, the rear end moves fot- 
oe pee alone coat is elastic; the front end, emnelle 
seared Ye putla ae mits - ‘mmovable. But as the rear end moves a 

vard as well the attachment of the suspensory liga- 
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NERVE PATH FOR ACCOMMODATION REFLEX 


ments. This means that the distance between the two attachments 
of the suspensory ligaments—one to the choroid coat, the other to 
the lens—has been shortened a little and this gives a little “slack” 
to them. This is immediately taken up by by the bulging of the 
lens; its refractive power is thereby increased, and the point of 


s moved forward onto the retina. If the person now looks off 


light i 
ating for a near object, the 


into space, and is no longer accommod 
ciliary body relaxes, the pressure within the vitreous humor 
attachment of the suspensory ligament back to 


pulls the choroid 
the lens is thereby flattened, and the conditions 


its former position, 
of the emmetropic eye have been restored. 

The ciliary body is served by parasympathetic fibers of the third 
cranial nerve. This reflex arc is the same as for pupillary constric- 
tion. In fact, they occur together. When an object is brought close 
to the eye, the pupil constricts and the amount of light permitted 
to enter is reduced at the same time as accommodation occurs. Just 
to recall the arc again: it travels by way of non-sensory fibers of the 
Optic nerve to the superior colliculus, thence to the Eddinger- 
Westfall nucleus of the third motor nucleus, from there to the 
ciliary ganglion by preganglionic fibers, and to the ciliary body and 
the sphincter muscle of the pupil by postganglionic fibers. - 
_ Abnormalities of the focusing system.—Nearsightedness ‘phi 
'S 4 very common defect. Most forms are hereditary, and the 
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herited defect is an elongation of the eyeball, so that the len 
tem, although functioning perfectly, brings parallel na¥s tO @ focus 
in front of the retina. The rays, of course, do not Stop there, but 
continue, and so a blur is formed. Correction for this defect 


S sys. 


is pro- 
vided by the wearing of concave lenses. These cause the rays to 
diverge somewhat, moving the image backward onto the retina 


The condition is called “nearsightedness,” because, to be meh i 
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ching must be held closer to the eyes than in normal yi 
maximum accommodation, the normal eye ¢ 

age at a distance of 6 to 8 inches, In Nearsi 

still falls in front of the retina at that dist 
held still closer to the eyes. 

Farsightedness (hypermetropia) is just the Opposite. 
js unduly short, and the image falls behind the retina. By acc 

: . . By accom. 
modation, the image aan be brought onto the retina, but this 
means that accommodation must be in progress at all times, When 
looking at some distant object, the normal eye is at rest; the hyper- 
metropic eye must accommodate. This leads to fatigue of the cili- 
ary body, with headache resulting from this strain. The condition 
is corrected by wearing convex lenses, which start the focusing 
process in front of the eye, and the eye then continues the process, 
bringing the image onto the retina. Since, without glasses the far- 
sighted individual must begin to accommodate even for distant 
objects, it is clear that his limit of accommodation will be reached 
while the object is still some distance away, hence the term “far- 
sightedness.”” 

In elderly people, the lens loses its elasticity and does not tend 
to bulge as much when the suspensory ligaments are slackened in 
accommodation. This means that such a person will not be able to 
accommodate for close work. He will hold the page farther and 
farther away until his arms are not long enough; then he will buy 
glasses. This condition, the farsightedness of age, is called presby- 
opia. It is remarkable how constant this loss of elasticity of the lens 
is with the advancing years. If no other eye defects have had to be 
corrected, most men of sixty years can wear each other's glasses. In 
fact, glasses were formerly sold at dime stores, in bins labelled 
according to the age of prospective buyers. ba 

In astigmatism, finally, there is a defect in the curvature © = 
lens (or of the cornea). Instead of being a segment of a See 
Circle, it is egg-shaped, one region being more greatly es nt 
‘nother, The region where the curvature is greatest has, 0 voll lie 
in BTeatest focusing power. Thus, a “eageis . eed Mtoe 
. ont, and a portion behind, the retina. All the ey 


; i accommo- 
It Is to attempt to bring the back part forward, that 1s, to 


sion. With 
an read the printed 
ghtedness, the image 
ance, so the page must be 
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date. This, however, moves the front portion stil] further 
accommodation ceases, and a portion of the image again f 
hind the retina. It is this constant “flicker” of the image 
moved forwards and backwards that causes the severe eyestrain ang 
headaches of the astigmatic person. The correction is an individ. 
ual one; the optician grinds a lens which will be the reverse of the 
person’s own, bulging where his is flat and flat where his bulges, 


away, 
alls be. 
aS it is 


Visual Acuity 


The normal human eye should have the ability to distinguish 
two points, as separate points, when they are separated from each 
other by an angle of one minute. (There are 360 degrees in a 
circle; a minute is 1/60 of a degree.) This means that the closer an 
object is to the eye, the closer together the points may be; for dis. 
tant objects, the distance between the points must be greater. At 
20 feet, for instance, the normal eye should be able to see, as sepa- 
rate points, two points at a distance of 0.07 inches apart. 


This is the basis of the Snellen chart for determining visual acuity. The 
letters have their characteristic features: thickness of lines and distances 
between lines—a distance of 0.07 inches apart. The letters themselves 
have a height five times as great. The line in question here is the one 
which a person should be able to read at 20 feet, and it is usually the 
seventh line of the chart. The fifth line has the features of its letter 
separated by 0.14 inches; this the normal eye can read at 40 feet. Ifa 
person at a distance of 20 feet cannot read the seventh line but can read 
the fifth, he is said to have 20/40 vision in that eye. If he can read only 
the big E at the top, he has 20/200 vision, since the normal eye could 
read the large letter at a distance of 200 feet. 


ANGLE = 1 MINUTE 
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THE BINOCULAR PARALLAX 


In using the test, the accommodation reflex is paralyzed by in- 
stilling atropine into the eye. Atropine is a drug which paralyzes 
parasympathetic nerve endings, and it will be recalled that the 
accommodation reflex is governed by the parasympathetic nerv- 
ous system. If the person is myopic, the image will be formed in 
front of the retina; if hypermetropic, it will be formed behind it. 
Where the image is and how strong a lens will be required to cor- 
rect the defect is determined by trial and error by placing different 
types and strengths of lenses before the eye. 


Depth Perception 

This is based on two cues; first, by the size of the image on the 
retina. The brain apparently learns that the closer an object is, the 
a. If the size of the object is known— 
say the object is a six-foot man—then, if the image on the retina is 
small, he must be some distance away. The second cue comes from 
‘ which means that the nearer an object is, the 
e cast on the two eyes. If a pencil is 


the images on the two eyes will be 
ast images 


larger is its image on the retin 


binocular parallax, 
farther apart will the images b 


held a few inches from the eyes, 
t: a telephone pole in the distance will c 
f both eyes. It is by recognizing how far 


he two eyes, plus the size of the 


quite far apar 
very close to the center 0 


the image is from the center of the | rat oe 
image, that the distance to the object is perceived by the brain. 
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Movements of the Eyeball 


‘The six muscles which control the movements of the eyeball ay 
, ' cats 3 all are 
shown in the accompanying figure. Their names, innervation and 
a¢ ( 


the effects of their contraction are listed in the following table: 


EYEBALL MUSCLES 
Eyeball Movement 


Name Cranial Nerve Effected by Contraction 
Lateral rectus VI Outward 
Medial rectus III Inward 
Superior rectus Ill Upward and inward 
Inferior oblique Ill Upward and outward 
Inferior rectus Il Downward and inward 
Superior oblique IV Downward and outward 


As can be seen from the sketch, the contraction of the lateral 
recti (innervated by the sixth cranial nerve) turns both eyeballs 
outward—which, of course, is something we never do. For conjugate 
movement, i.c., movement of both eyeballs in the same direction, 
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as in looking to the right, the right lateral rectus must contract to 
turn the right eye outward, along with the left medial rectus, con- 
trolled by the third cranial nerve, to turn the left eye inward. 
This, already, becomes complicated, since the muscles involved are 
controlled by different cranial nerves. Further, contraction of the 
superior rectus would cause the eyeball to turn inward as well as 
upward. To look directly upward requires simultaneous contrac- 
tion of the inferior oblique as well. In the same way, contraction 
of the inferior rectus would turn the eyeball inward as well as 
downward, and to look directly downward requires the coopera- 
tion of the superior oblique. (Incidentally, any imbalance of mus- 
cular contraction of any of these muscles causes a squint—strabis- 
mus.) On top of all this, as is true everywhere, there must be 
relaxation of the antagonistic muscle when the agonist contracts, 
thus, the lateral rectus must relax when the medial rectus con- 
tracts, and vice versa (reciprocal innervation). With all this, it is 
obvious that the control of movements of the eyeball is a compli- 
cated business which requires coordination at a high level of the 
brain. There are two such coordinating centers in the cortex: the 
frontal center, in area 8, and the occipital center, in area 19 (see 
p: 554), 

It should be added that although these nerves, the third, fourth, 
and sixth cranial nerves, are considered purely motor, they do con- 
tain sensory fibers for muscle sense (proprioception), the action of 
which is necessary here as elsewhere in maintaining muscle tonus. 
The cell bodies of these sensory neurons do not have separate 
ganglia, but are distributed along the course of the nerve trunk. 
The Eye as the Organ of Vision 

By means of the mechanisms described, light is brought to a 
focus on the retina. This specialized organ contains the receptors 
for light, namely, the reds and cones. These communicate with 
nerves over which impulses pass via the optic nerve, to the brain. 

At first glance, the retina seems to be backwards. If the rods and 
cones are to be stimulated by light, they should lie in front, not 
hidden behind a mass of nerve fibers. However, the overlaying 
layer of nerve fibers is very thin; in fact, it probably serves the 
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purpose of shielding out the most intense rays. The rods and cones 
have their tips projecting into the pigment layer.* Their b . 
communicate with the first set of neurons, the bipolar cells. T 
are analogous to the sensory neurons of spinal nerves whose 
bodies lie in the dorsal root ganglions. Axons of the bipolar 
synapse with the dendrites of the next layer, the ganglion 
these are analogous to the secondary neurons, such as those lying 
in the substantia gelatinosa of the cord, whose axons form the 
spinothalamic tract. The axons of the ganglion cells form the 
fibers of the optic nerve. Their path to the brain will be discussed 
later. 

At the point where the optic nerve fibers leave the retina, there 
are no rods or cones. This region is, therefore, “blind.” It is called 
the blind spot, or the optic disc. When work is being done for which 
especially good vision is required, such as reading or sewing, the 
light rays are brought to a focus upon the fovea, the region of the 
retina where vision is best. There are several reasons for this: (1) 
the fovea contains only cones, which, as we shall see, function best 
in bright light; (2) each cone in the fovea has its own “private 
wire” to the brain, that is, each cone connects with a single bipolar 
cell, and each bipolar cell connects with a single ganglion cell; and 
(3) the curtain of nerve cells and fibers is drawn apart at the fovea, 
so that light falls directly on the cones and does not have to pene- 
trate the nerve layers. 

The distribution of rods and cones in the retina is not uniform; 
there are, in each retina, about 115 million rods and only about 
1.5 million cones. The periphery of the retina contains only rods. 

As one goes toward the center, a few cones appear; they become 
more and more numerous until they are present exclusively in the 
fovea. In the periphery of the retina, as many as one hundred rods 
may converge on a single ganglion cell. This number decreases 


until at the center as few as ten rods may converge. 
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Theories of Vision ; ‘ t and 
Since structurally the rods and cones are quite different § 


t their 
there are no gradations between them, one would expect tha 
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i ite. Light is reflecte 
*In albinism, the pigmented layer is not pigmented but white ead ‘nclistinet- 


: otis red 
so that many rods and cones are stimulated. Vision 1s therefore blur 
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function as light receptors would also be different. This is true 
and it is the basis for one theory of how we see | 


The duplicity theory of vision.—This theory states that the rods 
function in dim light and the cones in bright light. The evidence 
for this theory is very strong indeed. Comparing two animals—one 
with only rods in its retina and another with only cones—reveals 
that their reactions toward dim and bright light are highly dis- 
similar. In the chicken, the retina contains only cones; in the ow], 
only rods are present. When the sun goes down, the chickens go 
to bed; the owls, on the other hand, leave the places where they 
have been hiding to avoid the sun’s bright rays and seek their prey. 
The chicken is helpless in dim light; the owl is helpless in bright 
light. This must mean that cones of the chicken retina function in 
bright light and the rods of the owl retina function in dim light. 


Further evidence comes from the so-called Purkinje effect. Light, of 
course, consists of waves of different lengths, as shown by the spectrum, or 
separation of light into its respective lengths. The luminosity (visibility) 
of objects having different wave lengths (colors) differs in bright and 
dim light. In bright light, the luminosity is greatest for reds and oranges, 
that is, for wave lengths of 60-80 my. In dim light, the luminosity is 
greatest for blues and purples—wave length of 40-50 mu. In a garden, 
for instance, as night falls, the red geraniums become darker and darker 
until they are quite black; but the beds of blue delphinium can still 
be seen as gray patches. This is the Purkinje effect; it means that the 
reds are seen better in bright light because cones are being stimulated, 


RED 
ORANGE 
YELLOW 
GREEN 
BLUE 
INDIGO 
VIOLET 


THE SOLAR SPECTRUM 


608 The Special] Senses 


whereas purples are seen better in dim light because rods are bei 
: = Cy 
stimulated. 8 


The sensitivity of the periphery of the retin 


ain dim light has 
been noticed by almost everyone. As the star 


. S come out, if one 
looks directly at them, that is, brings them into focus on the fovea 
they tend to disappear; if one turns his head a little, so that their 


image falls on the periphery, they are distinctly seen, 

Finally, the fact that colors cannot be seen by the periphery of 
the retina but can be seen by regions with cones is further evi- 
dence that we are dealing with structures having different func. 
tions. It may seem contradictory to have said when discussing the 
Purkinje effect that certain colors stimulate rods and others cones, 
and now to say that rods are incapable of color vision. What was 
meant, under the Purkinje effect, was luminosity, that is, “bright- 
ness,’ and not the perception of the actual color itself. 

We now face the question, How is light energy converted into 
nerve impulses? Light falls onto the retina, and nerve impulses 
pass up the optic nerve—but how is the first converted into the 
second? This process is best understood for rod vision, so the fol- 
lowing discussion is limited to that type of vision. 

The photochemical theory.—When light strikes a rod, a chemi- 
cal substance called rhodopsin is broken down and its products 
chemically stimulate the nerve endings of the bipolar nerves. In 
the intervals between the excitation, the breakdown products re- 
combine to form rhodopsin. If one remains in the dark for some 
time, regeneration of rhodopsin is complete and the rods become 
charged with it; if one then goes out into the bright sunlight, the 
breakdown is almost instantaneous. (At this point, cone vision 
takes over.) If, after having been in a bright light for some jie 
one goes back into the dark, at first one is quite blind, but ae 3 
he can distinguish the outlines of objects; this means that the ie 
have regenerated rhodopsin. A small amount of light 1s capa! : 

: . ds are being 
of breaking down some rhodopsin, and a few ro 
stimulated. fe une 

This sensitivity of the rods to this chemical reaction “ a 
lievably great; it has been claimed that if the heat at ar be 
by dropping a pea a distance of one foot onto a (a 
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As stated, the above theory has been best worked out for “ti 
vision; there is, however, every reason to believe that ee yma 
functions similarly. A substance similar to are se tee 
extracted from the eyes of chickens (which, it will Wald | ne the 
only cones in their retinas). This work was done by Wald; an 


name todopsin was given the substance by him. It has been shown 
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that its breakdown occurs most rapidly when exposed to red light 
which, in terms of the Purkinje effect, is what would be expected. 
The amount of light energy necessary to activate the cones—in 
other words, to cause the breakdown of iodopsin—is much greater 
than for rhodopsin, which is the reason the cones do not function 
in dim light. 

The range of light intensities through which the eye can work— 
that is, see—is perfectly amazing. For example, between Starlight 
and sunlight the difference in intensity is at least 1,000,000 times: 
yet one can see fairly well in starlight. This emphasizes what was 
said when the Weber-Fechner Law was being discussed—namely 
that the response of a receptor is proportional to the logarithm 
of the intensity of stimulation. Thus, if a rod “fired” ten times a 
second in dim light, it would not need to increase its frequency a 
million times (few nerve fibers can conduct more than three hun- 
dred impulses a second); it would only need to increase its fre- 
quency six times (from ten to sixty per second) since the logarithm 
of one million is 6. 


Color Vision 

There is, at present, no completely acceptable theory to explain 
color vision; even the fundamental belief that color vision is exclu- 
sively a function of the cones has recently been questioned. Thus, 
some believe that the bluish cast which white objects show in 
moonlight, and the blueness of the sky, which persists until dark, 
is due to blue-sensitivity on the part of the rods. With no certain 
theory for color vision itself, any attempt to explain color blind- 
ness is also hazardous. We will therefore content ourselves with 
only a brief treatment of the subject. 

If a beam of sunlight is passed through a prism it will be sepa- 
rated into light waves of different lengths, red at one end and blue 
at the other. If three of these spectral colors, red, green, and blue, 
are recombined, white light is again produced and from comb 
nations of them, all other colors can be reproduced. It is only 
natural that theories of color vision are based on these three pt- 


mary colors. 
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One kind of substance is broken down by 
jauing ne Ee containing it, another by green light and th 
by plue. In the fovea, each cone is provided with an shes third 
nerve fiber, carrying impulses to a particular region of th vidual 
It will be noted that the theory conforms to the ae e brain. 
cific Nerve Energies.) It is true that under the microsco nat, aa 
took alike, but a difference in chemical sensitivity smog sa 
ably not be evident on microscopic examination. If all three son 
were equally stimulated, the color perceived would be white x 
an equal mixture of all three gives white. Appropriate differential 
stimulation would give rise to the perception of any imaginable 
color. The eye can distingush between about one hundred sixty 
different shades of color. 


al sub- 


ance. ) 
: red light stimu- 


This theory receives considerable support from the work of Granit. 
He was able to isolate individual fibers in the optic nerve and study the 
flow of nerve impulses over them when the retina was exposed to light 
of different wave lengths, or colors. Many of these units (the “dominator” 
fibers) were sensitive to light over a wide range of wave lengths; these 
may have had their origin in cones of all three types. However, other 
units (modulator fibers) were found which were sensitive to light within 
a very narrow band of wave lengths, and the wave lengths tended to be 
clustered around the wave lengths of the three primary colors, red, green, 
and blue. Presumably these originated in cones concerned with color 
vision, and the fact that they were of three kinds, each sensitive to one 
of the three primary colors, is direct evidence of the truth of the Young- 


Helmholtz theory. 

If one looks for a few moments at a bright light, and then 
Closes the eyes, the image persists. This is called a positive after- 
imans. In terme of the Young-Helmholtz theory, it 1s due to a 
continued breakdown of the photochemical substance. If one then 
stimulates the retina diffusely, by glancing at a sheet of wer 
Paper, the after-image appears black; and in the case of a bright 
color, it appears in the complementary color. (A complementary 
color is the color which with the original color gives white.) _ 
if the original color was red, the complementary color woul 
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plains this happening on the basis of fatigue of cones stimulated 
by the original color; thus, if the original color were red, the 
exhaustion of the red photochemical substance would lead to pre- 
ponderance of the blue and green substances, and the alter-image 
would therefore appear in those colors. 


Color Blindness 


John Dalton, a Quaker, bought his mother a pair of bright 
crimson stockings to wear to church. Her protests brought to light 
the fact that, while they were actually red, to him they appeared 
dark green, nearly black. Thus, color blindness was discovered 
in 1794. 

The classification of color blindness, although still based on the 
primary color concept of the Young-Helmholtz theory, is not as 
simple as it once was. Then one spoke merely of “red-blind,” “red- 
green-blind,” etc. Presently, one speaks of trichromats (people with 
normal color vision), dichromats (in whom one of the three photo- 
chemical substances is lacking), and monochromats (in whom two 
of the photochemical substances are lacking). Most color-blind 
people are dichromats. This category is divided into protanopes, 
who lack red, deuteranopes, lacking green, and tritanopes, lacking 
blue. Protanopes and deuteranopes are red-green color blind, al- 
though in somewhat different ways, the chief difference being that 
for the protanope, the spectrum is shortened at the red end (he may 
therefore confuse red with black and go to a funeral wearing a 
red tie). . 

Daltonism, a common form of red-green color blindness, is hered- 
itary and sex-linked, in much the same way as hemophilia, except 
that its possession by the female is not a lethal recessive. Since, 
for this trait to appear in the female, both parents must eee 
the recessive gene, the incidence among women 1s lower . ~ 
among men, for whom only the mother need possess the gene. 
inci i i i £ every one hundred 
incidence is approximately eight er em ) y 
compared to 0.4 females per one hundred. 

snails red-green ie blindness is not as great a ene 
as one might suppose. Although the red traffic light et nes 
“red” to such a person, as it would to a normal person, 
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shade of gray which it does have is easily distinguishable from the 
green or from the shade of gray which the green light: has for 
him.* If this were not true, eight out of every one hundred male 
drivers would be running through red lights and one hates to 
think of the consequences. The army long since has eliminated 
some types of color blindness as cause for rejection; in fact, during 
the war, some color-blind individuals, because of the ability to dis- 
criminate between different shades of grayness proved to be very 
valuable in detecting camouflaged enemy positions. 


Neurology of Vision 


As has been pointed out, the bipolar cells are analogous to the 
primary neurons for bodily sensations and the ganglion cells to 
the secondary neurons, although bipolar cells and ganglion cells 
occupy very little space. It will be noted that a nerve impulse, in 
passing from a bipolar to a ganglion cell, must pass through a 
synapse. This means that many of the properties of conduction 
through synapses, which have previously been mentioned as oc- 
curring in the central nervous system, apply to the retina of the 
eye. (The retina, is, in fact, an outgrowth from the brain.) Such 
properties as one-way conduction, delay at the synapse, fatigue, 
summation, after-discharge, etc., are all characteristic of passage 
through the synapses of the retina. 

Spatial summation, for instance, is a very common phenomenon. 
If a ganglion cell is connected to one hundred rods, the stimula- 
tion of ten, or twenty-five, or fifty will have ten, twenty-five, or 
fifty times the effect of stimulating one. The summation of such 
impulses is what makes the retina so very sensitive to movement. 
One will have noticed how quickly a moving object at the pe- 
riphery of vision is perceived. As the image of the moving object 
glides across the retina, many rods are stimulated, and, by sum- 
mation, produce the nerve impulses which call the brain's atten- 
tion to the moving object. 

After-discharge is another property of synaptic conduction, It is 
after-discharge which causes the “motion” of motion pictures; that 


* This probably accounts for the frequent citing of behavior at stoplights as evidence 
that dogs do have color vision, usually by small boys who refuse to believe the contrary. 
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is, although they are individual photographs which are flashed 
onto the retina, the after-discharge from one blends into the 


ap- 
pearance of the next, so that the effect is a continuous one, 


A word might be said about the reliability of visual sensations. ‘I'he 
image formed on the retina is, of course, an exact replica of the light 
entering the eye, and the retina sends this information to the cortex 
with the utmost fidelity. But in the cortex extraneous information may 
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The accompanying figure shows the peculiar route followed by 


c nerve in reaching the brain. It will be noted 
the left half of the left eye are joined in the 
a by the fibers from the left half of the right eye, and 
continue to the brain as the left optic tract. In the same way, the 
fibers from the right side of the right eye and those from the right 
side of the left eye join to form the right optic tract. This means 
that the left side of the occipital lobe actually sees the right side of 
the visual field, since it will be remembered that light rays cross in 
the lens and that the image is reversed; that is, the right side of the 
field forms its image on the left side of the retina. 

From the fovea, however, only about half of the fibers cross over; 
therefore, each fovea sends some fibers to either occipital lobe. If 
the occipital lobe on the left side be destroyed, the right visual 
field can no longer be seen, but a considerable amount of vision 
from the fovea of both eyes remains. On their way to the occipital 
lobes, the optic tracts synapse in the lateral geniculate bodies; there 
is, however, no cross-over there or anywhere else, once the optic 
chiasma is passed. 


THE EAR . a 
The ear consists of three parts, the external ear, or ogee i 
i i z an 
middle ear, in which lie the auditory ossicles (car eres a 
inner ear, in which lies the organ of Corti, which is the org 
hearing. 
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The External Ear 

The pinna is supposed to act like a funnel; however, it is of little 
use to humans, who, with the exception of a few gifted individuals, 
cannot move their ears. In horses and dogs the pinna is no doubt 
of considerable value. From the pinna, the auditory meatus extends 
into the mastoid bone. It contains sebaceous glands which secrete 
the sebum or ear wax. Separating the auditory meatus from the 
middle ear is the tympanum, or tympanic membrane, or ear drum. 


The Middle Ear 


A cavity in the mastoid bone, the middle ear is a common site of 
infection (otitis media), If the infection involves the mastoid bone, 
it is called mastoiditis. The middle ear has a connection with the 
nasal pharynx by way of the eustachian tube. Frequently infection 
of the middle ear is caused by the child’s “blowing hard” on com- 
mand when his nose is stopped up. This has the effect of forcing 
bacteria-laden mucus up the eustachian tube into the middle ear. 
Although less sanitary, it would be healthier for the child to use 
his coat sleeve. 

Within the middle ear lie the auditory ossicles, or bones of the 
middle ear. These are called, proceeding inward from the tym- 
panum: the malleus (“hammer”), the incus (“anvil”), and the stapes 
(“stirrup”). Their purpose is to transmit the vibrations of the 
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tympanic membrane to the membrane 
act as a system of levers and increase Ce . , 
about two-fold. This is not very Trude byicieiee 
sate for the friction of their movement. The pone mae 
vibrations transmitted to the Oval window is primarily : 
of the difference in size between the tympanic membrane and the 
membrane of the oval window; this multiplies the Strength of the 
tympanic vibrations by about ten. The necessity for the increase 
in the force of the vibrations becomes apparent when we look be- 
yond the membrane of the oval window. This connects with the 
cochlea, and the cochlea is filled with fluid. To set the fluid vibrat- 
ing, which is the function of the vibrations of the oval window, the 
inertia of water must be overcome. Since water has an inertia sev- 


eral hundred times greater than air, it is clear that considerable 
force must be exerted. 


of the oval window. They 


a function 


The Inner Ear 


The cochlea is a spiral-shaped structure (the word cochlea means 
“shell,” and it does look very much like the shell of a snail). It con- 
tains the organ of Corti, which we said was the organ for hearing. 
Essentially, what happens in the cochlea is that the vibrations 
which have been transmitted to the membrane of the oval window 
set the fluid in the cochlea to vibrating as well, as indicated in the 
sketch. When the membrane of the oval window moves inward, it 
presses against the fluid in the scala media and the scala vestibuli. 


STAPES OVAL WINDOW VESTIBULAR MEMBRANE 


ROUND WINDOW BASILAR MEMBRANE 


HOW THE EAR TRANSMITS SOUND 
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Since water is incompressible, something must give. That which 
gives is the basilar membrane. It moves downward, Pressing agains, 
the fluid in the scala tympani. Again something must give, and this 
time it is the membrane of the round window, which moves inward 
into the middle ear. Each time the membrane of the oval window 
moves inward, the membrane of the round window moves out- 
ward, and vice versa. Thus we have a vibrating system established. 


Sound waves, striking the tympanic membrane, set it to vibrating; 
these vibrations are transmitted by the bones of the middle ear to the 
membrane of the oval window, through the fluids of the scala media 
and scala vestibuli to the basilar membrane, and then through the fluid 
of the scala tympani to the membrane of the round window. The vestib- 
ular membrane, which partly encloses the scala vestibuli, may be dis. 
regarded; when the membrane of the oval window moves inward, it 
presses equally against all the fluid above the basilar membrane, and 
the vestibular membrane moves along with the fluid. 


The essential thing which the above mechanism has produced is 
that it has set the basilar membrane into vibration. On it rest the 
hair cells of the organ of Corti; when these hair cells are set vibrat- 
ing by the movements of the basilar membrane, they stimulate the 
free endings of nerve fibers which are intertwined around them. 
Nerve impulses pass up these fibers which, when they reach the 
brain, give us our sense of hearing. 

Exactly how movements of the hair cells produce nerve impulses is 
not known. Their arrangement, namely, being set at an angle toward 
each other, has led some to believe that the endings scrape against each 
other, and that this scraping somehow stimulates the nerve endings. 
Others think that the tips, when vibrating, strike against the overhang- 
ing tectorial membrane, and that this is responsible for nerve stimula- 
tion. Or it may be simply their movement, similar to movement of the 
hair cells in the crista of the semicircular canals, All that can be said is 
that the vibration of the basilar membrane does something to the hair 
cells which enables them, somehow, to produce depolarization of the 
nerve fibers. 


The Nature of Sound 

Before considering how we hear, let us examine the physics 1 
volved. Let us consider a tuning fork as a source of sound. A cer 
tain tuning fork, when set into vibration, emits a sound which the 
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That this is true may be shown by causing the tuning fork to vibrate 
under a bell jar from which the air may be removed. As air is with- 
drawn, the sound of the tuning fork becomes fainter and fainter until 
no sound is heard at all, since there is no air left to vibrate. Air is, of 
course, not the only material that can be set into vibration; sound is 
transmitted through water in the same way; that is, by setting up alter- 
nate regions of compression and rarification. This is true even of solids, 
such as a steel rail. By putting one’s ear to the track, one can hear a 
train coming from a long distance away. 


With a vibration rate of 261 v.p.s., the sound is said to have a 
certain pitch, namely, that of middle C. If the number of vibra- 
tions per second is increased, the pitch rises; if it is doubled (522 
v.p.s.), the sound heard is that of C’, or the C an octave above 
middle C. The human ear is most sensitive to pitches between 
2,000 and 5,000 v.p.s.; its range is from 16 to 30,000 v.p.s., although 
at these extremes, the intensity must be enormously increased for 
the sounds to be heard. Some species of mammals can perceive fre- 
quencies much higher than can the human. A dog can be called 
with a supersonic whistle which the human cannot hear, and the 
bat guides itself in flight by the echoes of sounds which it emits at 
a frequency of around 100,000 v.p.s. 

Another property of sound is loudness. Loudness and intensity 
are not synonymous; loudness is what is heard, or the auditory 
sensation, while intensity is a physical term expressing the energy 
or power of sound waves. Intensities are usually expressed in bels 
(or decibels, the decibel being 1/10 of a bel). A bel is the logarithm 
of the intensity of sound as compared to a sound which can just be 
heard. The rustling of leaves in a light breeze has an intensity ten 
times greater than the least audible sound; it is said to have an in- 
tensity of one bel, since the logarithm of ten is one. A loud peal of 
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thunder has 10,000,000 times the intensity of the least iudible 
sound; its intensity is therefore, seven bels, since the logarithm of 
10,000,000 is seven, Loudness, the auditory sensation of sound, ig a 
quite different property, The thunder clap may sound much loud. 
er than the rustling leaves, but hardly 10,000,000 times as loud, 
Also, the human ear’s sensitivity for pitch varies; therefore, of two 
sounds both having the same intensity but different pitches, one 
may sound much louder than the other. These two qualities of 
sound, pitch and loudness, must be taken into account in any ac- 
ceptable theory of hearing, as will be shown later. 

For many years, two theories of hearing were proposed which 
differed sharply from each other, The first was the telephone 
theory, which held, in brief, that the organ of Corti acted as a 
unit, as does the diaphragm in a telephone and that whatever 
entered the ear in the way of sound was transmitted, without 
change, by the cochlear nerve to the brain, This theory ran into 
certain difficulties. For instance, it is known that we can hear a 
pitch of 30,000 v.p.s. However, the fibers of the cochlear nerve can- 
not transmit over 1,000 impulses per second. The proponents of 
the theory got around this objection by pointing out that there are 
thousands of fibers in the cochlear nerve, and if they ‘‘fired” asyn- 
chronously—that is, if each fiber transmitted 1,000 impulses per 
second, thirty fibers firing out of step with one another, all to- 
gether might bring 30,000 impulses to the brain in one second. 
This theory received a tremendous boost from the work of Weaver 
and Bray. 


They placed electrodes on the cochlear nerve of a cat and strung wires 
through an amplifying circuit and then to a loud speaker; if someone 
then spoke into the cat’s ear, saying “Come, kitty, kitty,” what came out 
of the loud speaker was something like “um itty, itty,” a very close du- 
plication of what went in. If a sound having a pitch of 30,000 was 
whistled into the cat’s ear, a sound having the same pitch came out 
of the loud speaker. This was a telephone, pure and simple; what 
went into the cat’s ear came out over the cochlear nerve, just as what 
one speaks into a telephone transmitter comes out at the other end. 
With this finding, the telephone theory, which had been approaching 
obsolescence, was revived. 

Unfortunately for the theory, however, another fact soon emerged. 
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This was the fact that it didn’t matter at all where the electrodes were 
placed; they did not have to be placed on the cochlear nerve; they could 
be placed anywhere near the cochlea and the same effect would be pro- 
duced. They would pick up sounds comparable to those confided to 
the cat's ear. These were certainly not nerve impulses, since they were 
not in a nerve. These are the so-called cochlear potentials, electrical po- 
tentials set up in the cochlea, but completely unrelated to the nerve im- 
pulses passing along the cochlear nerve. Just what the function of coch- 
lear potentials is is not known; it seems that they are merely a con- 
comitant by-product of the effect of sound. In any case, it is established 
that they have nothing to do with hearing. 


This brings us to the second theory, the harp or resonance 
theory, which is commonly accepted today. The basilar membrane 
actually consists of thousands of fibers, strung along like the strings 
on a harp; the short, tightly-stretched strings being toward the 
base; the long, loosely-stretched strings toward the apex of the 
cochlea. Now, if one strikes a certain note on another instrument, 
say middle C, which has a frequency of 261, the string on the harp 
which, when struck, also gives middle C, would begin to vibrate, 
but the other strings would not. The harp theory says that the 
same thing is true of the ear, that each little region of the basilar 
membrane has its fibers so stretched that each responds by vibrat- 
ing to a tone of a certain pitch. The short, tightly-stretched fibers 
respond to a high pitch, and the long, loosely-stretched ones to a 
low pitch. At first it seemed doubtful that any fibers could stand 
the degree of stretch which they would have to be under to re- 
spond to a frequency of 30,000 vibrations per second. It was cal- 
culated that they would have to be subjected to a stretch of four 
tons per square inch. This, however, is by no means an impossibil- 
ity when it is realized that a square inch of human hair will sup- 
port a weight of nine tons, and square inch of spider web will sup- 
port twelve tons. 

The attractiveness of this theory is that it brings the ear into 
conformity with two established principles of neurophysiology, 
both of which have been repeatedly mentioned. First, it conforms 
With the Doctrine of Specific Nerve Energies in that for each tone 
that can be heard there are special receptor endings; that is, there is 
4 separate, special region of the basilar membrane, separate fibers 
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on the piano loudly or softly. If softly, the particular region of i 
basilar membrane which is “tuned” to middle C, or Fespotids € 
middle C, vibrates and so stimulates hair cells which set upa hay 
of nerve impulses; but, the tone having been struck softly, the : 
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impulses is of low frequency. If you strike the same note hard and 
the sound is loud, the same region responds, but now the vibra. 
tions of the basilar membrane are violent, and nerve impulses flow 


up the nerve at a high frequency. 


To summarize: If a key of the piano is struck, a certain “tone” js 
heard by the brain. The striking of the key has set up vibrations in the 
air which have a certain frequency. The tympanic membrane is set into 
vibration at the same frequency. The vibrations are transmitted by the 
bones of the middle ear, with increased force, to the membrane of the 
oval window. Its vibrations set the fluids of the cochlea into vibration 
but only one region of the basilar membrane responds to this pitch If 
the tone is soft, the basilar membrane vibrates gently, and a strewn of 
Pb : low banyan! ascend the cochlear nerve; if the tone is loud, 
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geniculate body—the primitive center for hearing—and from there, 
fibers pass to the cortical center located in the upper part of the 
temporal lobe. This means that each ear sends to both sides of the 
brain; in fact, loss of the temporal lobe region on one side does 
not greatly interfere with hearing. 


TASTE 


The taste buds, of which there are some nine thousand on the 
human tongue, are the specialized structures for the reception of 
taste. They are small, onion-shaped objects, with a tiny pore open- 
ing into the mouth cavity. For anything to be ‘‘tasted” it must be 
in solution in order to penetrate through the pore. Inside are a 
number of epithelial cells, and at their bases are the nerve endings 
for the sense of taste. The epithelial cells are essential; the nerve 
endings are stimulated by the epithelial cells, not directly by the 
substance tasted. What the nature of the stimulus may be is not 
known. 

There are four primary tastes: sweet, sour, bitter, and salty. 
They are not completely specific (except for a few which are spe- 
cific for the hydrogen ion of acids), but nearly so. The sense of 
sweetness is fairly sharply localized in the taste buds at the tip of 
the tongue. Saltiness is localized along the margins of the tongue, 
and bitterness primarily on the posterior region. Many “tastes” 
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besides those mentioned are, of course, commonly perceived, For 
one thing, other senses—touch, temperature, and pain—are Present 
in the mouth and may contribute to the taste sense, such as the 
“bite” of ginger, the “pepperiness” of pepper, etc. However, Most 
of the taste of things is not taste at all, but smell. In eating, any. 
thing volatile in the food diffuses into the air; and, when the air is 
exhaled, it passes over the olfactory epithelium of the nose and jg 
“smelled.” When one has a cold, nearly everything is tasteless. It is 
then that the sense of taste is being used independently of smell; 
and it is only then that one realizes what a poor thing the sense of 
taste actually is. 

The nerve fibers for taste from the anterior two-thirds of the 
tongue pass into the facial (seventh) cranial nerve; those from the 
posterior third go into the glossopharyngeal (ninth) cranial nerve. 
Their further course has already been described, as has the salivary 
reflex, for which the sense of taste is the chief sensory component. 


SMELL 

The sense of smell is perceived by means of the olfactory epithe- 
lium, which is a small region (about 2 cm.? on either side) in the 
upper part of the nasal passages. In this region, the nerve endings 
of the sense of smell lie naked, covered only by a thin layer of 
mucus. This is unique; nowhere else in the body are nerve endings 
so exposed, Even for pain, for which the receptors are “naked,” 
there is always the covering of the skin or other epithelial cells. 
The stimulus to these nerve endings which results in the perception 
of odors is not definitely known. It is known that substances which 
are most “smellable” are, for one thing, soluble in water; but per- 
haps most important, they are soluble in fats. Since the membrane 
of nerve fibers, as of all other cells, consists largely of fats, it may 
be that the substance smelled actually enters the nerve fiber and, 
by doing so, produces depolarization. 

Many attempts have been made to classify odors, 
cation is very helpful as far as explaining the physiolog 
ing is concerned. The act of “sniffing” is for the purpose of nig 
ing the substance to be smelled into better contact with ee 
factory epithelium. The latter is recessed somewhat, and so 
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ordinary air-flow runs by, but by sudden stops in inspiration— 
snifing—eddy currents are set up, and the chance of contact with 
the olfactory epithelium is thereby increased. Although the sense 
of smell is not thought to be very highly developed in the human 
(at least not by comparison with a certain moth who is said to be 
able to smell her lover at a distance of one mile), for some things 
our sense of smell is very keen. Thus one can detect the evil-smell- 
ing methyl mercaptan in a concentration of as little as one milli- 
gram per 25,000,000 liters. For this reason, it is added to give an 
odor to natural gas so that one knows when there is a leak. 

The dendrites, whose endings are the receptors for smell, pass 
through small holes in the cribiform plate into the olfactory bulb. 
Their cell bodies lie there and the axons go by a route no one is 
sure of, but they wind up in the cerebral cortex in the lower sur- 
face of the frontal lobes. We have already commented on the 
strange fact that the sense of smell does not, apparently, go to the 
thalamus; one would expect a primitive sense to go to the thala- 
mus, a primitive brain. However, the region of the cortex to which 
it does go is phylogenetically even more primitive, which may be 
the explanation. 
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Analgesic drugs, 12 
Anemias, 145-54 
from iron deficiency, 151 
from nutritional deficiency, 150 
pernicious, 152 
sickle cell, 154 
Anencephaly, 540 
Angina pectoris, 240 
Ankylostomiasis, 147; see also Hookworm 
disease 
Anoxia, 283 
effects on body, 283, 284 
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Anti-hemophiliac globulin (AHG), 178 
Anti-peristalsis, 334 
Anti-vivisectionists, 11 
Antigen-antibody reaction, 169 
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Aortagram, 228 
Aortic reflex, 197 
Aphasias, 560 
Apoferritin, 147 
Appendicitis, 335 
Appestat, 386 
Appetite phase, 313 
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Arm-lift/back-pressure method (ALBP), 
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Arterial blood pressure, 214-32 
determination in huma, 215 
diastolic blood pressure, 221 
in exercise, 223 
experimental determination, 215 
factors affecting, 217 
hypertension, 225, 227 
normal variations, 226 
peripheral resistance, 218 
skin reflexes, 225 
traumatic shock, 229 
vasomotor system, 222 

Arterial system, anatomy, 213 

Arterioles, 213, 220 

Arthritis, 458 

Artificial respiration, 265-69 

Ascending tracts, 533 

Ascheim-Zondek pregnancy test, 469 

Ascorbic acid, 402 

Aspirin, 309 

Asthma, 248 

Astigmatism, 601 
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A.T. 10, 449 

Atherosclerosis, 237 

“Athlete's heart,” 203 

Atria, 181 

Atrioventricular node (A.V. node 

Atropine, 319 

Auditory meatus, 616 

Auditory nerve, 537 

Auditory ossicles, 616 

Auerbach plexus, 332 

Autointoxication, 337 

Autonomic nervous system, 194, 583 
effects of stimulation, 586 

Avogadro's hypothesis, 28 

Avogadro's number, 29 

Axon, 505 
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Bainbridge reflex, 195 
Ballistocardiograph, 194 
Banthine, 319 
Banting and Best, 354 
Barcroft, 145 
Barometer, 25 
Barospirator, 256 
Barrach modification of barospirator, 256 
Basal metabolic rate (BMR), 370 
abnormal variations in, 378 
normal variations in, 377 
Basophils, 156 
B.C.G. vaccine, 294 
Beaumont, 31] 
Bel, 619 
Belching, 331 
Bell-Magendie law, 510 
Bends, 288 
Bernard, 226 
Beta waves, 564 
Betz cells, 553 
Bile pigment, 143 
Bile salts, 306 
Bile secretion, 322 
Bilirubin, 143 
Binocular parallax, 603 
Biologic oxidations, 350 
Biopoiesis, 41 
Bladder reflexes, 430 
Blastocyst, 115 
Blind spot, 606 
Blood 
general properties, 131-35 
color, 132 
composition, 131 
density, 133 


osmotic pressure, 134 
pH. 134 
volume, 131 
summary of functions, 18] 
Blood cells, 135-59; see also Red cells; 
White cells 
Blood coagulation, 176-80 
Blood donors, 146 
Blood islands, 129 
Blood platelets, 159 
in blood coagulation, 177 
Blood pressure, 214-32; see also Arterial 
blood pressure 
Blood transfusions, 163 
Blood types, 164 
Blood typing, 167 
Blood vessels, 214 
Bolus, 308 
Bomb calorimeter, 367 
Bone, 100-103 
healing when broken, 103 
Bone formation, 100 
Borborygmus, 342 
Bowman's capsule, 413 
Boyle's law, 24 
applied to respiration, 245 
Breath-holding, 259 
Broca’s areas, 561 
Brunner's glands, 324 
Buffer nerves, 223 
Buffer systems, 181 
Bundle of His, 187 
Burr, 482 


Caisson disease, 287 
Calcium 
in blood coagulation, 177 
ions, on heart, 187 
in nutrition, 407 
and parathyroid gland, 448 
aloric equilibrium, 367 
Caloric value of foods, 368, 382 
Calorie, 366 
Cannon 


on emergency theory, 200 

on homeostasis, 49 

On Nerves to thyroid, 439 

on traumatic shock, 230 

sPillary circulation, 242 
amino hemoglobit ' 

Carbohydrates 4 — 
absorption and fate, 345 
chemistry of, 297 


C 
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Carbon dioxide 
in air sacs and blood, 276 
stimulus to respiration, 254 
transport by blood, 280 
Carbon monoxide poisoning, 289-93 
Carbon tetrachloride, 149 
Cardiac cycle, 189; see also Heart 
Cardiac output, 192 
Cardiac reflexes, 195-98 
Carlson, 1, 312 
Carotid bodies, 260 
Carotid sinus, 223 
Carrel, 60 
Cartilage, 98 
Catabolism, 53 
Catalyst, 302 
Cathartics, 336 
Cell 
anatomy of, 55 
as basic unit, 23 
membrane, 35 
Cell division 
meiosis, 61 
mitosis, 55-57 
Central excitatory state, 515 
Central nervous system, 508 
Central tendon of diaphragm, 246 
Cerebellum, 551 
Cerebral circulation, 233 
Cerebral cortex, 553-69 
anatomy, 553 
aphasias, 560 
electroencephalogram, 563 
epilepsy, 565 
localization of function, 554 
memory, 563 
sleep, 567 
stereognosis, 557 
voluntary activity, 556 
Cerebral hemispheres, 553 
Cerebrospinal fluid, 586 
Cerebrovascular accident, 229 
C.G5S. system, 21 
Chemical control of heart rate, 51 
Chemical reactions of protoplasm, 46-48 
Chemical transmission theory, 516 
Chemistry of foods, 295-302 
Chemoreceptors, 260 
Chemotaxis, 157 
Chewing, 325; see also Mastication 
Cheyne-Stokes respiration, 261] 
Chief cells, 310 
Chloride shift, 282 


Cholecystokinin, 323 
Cholesterol 
in atherosclerosis, 237 
in bile, 323 
Chondrion, 100 
Chorea, 210 
Chorion, 116 
Chorionic gonadotrophic hormone, 468, 
478 
Choroid coat, 589 
Choroid plexus, 587 
Chromatin, 55 
Chromosomes,-56 
in heredity, 63 
Chyle, 359 
Chyme, 321 
Chymotrypsin, 305 
Ciliary body, 598 
Circle of Willis, 233 
Circulation, 182-241 
blood vessels, 214 
in brain, 233 
in heart, 235 
in liver, 234 
in lungs, 232 
see also Arterial blood pressure 
Circulatory system, embryologic develop- 
ment, 129 
Cirrhosis of liver, 366 
Citric acid cycle, 352 
Clearance tests, 418 
Cleavage stages, 114 
Clitoris, 493 
Cobalt, 152 
Cochlea, 617 
Coelom, 119 
Colitis, 341 
Collagen, 98 
Collateral lines, in heredity, 89 
Colliculus 
inferior, 547 
superior, 546 
Colloid, of thyroid, 439 
Colloids, 41-45 
in adsorption reactions, 44 
change of phase in, 45 
in osmotic pressure, 42 
Colon bacilli, 338 
Color blindness, 612 
Color of blood, 132 
Color vision, 610 
Composition 
of air, 264 
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of blood, 131 
of urine, 428 
Concave lenses, 600 
Conception, 113 
Condensation reactions, 297 
Conditioned reflexes 
gastro-colic, 550 
salivary, 308 
Conducting system, of heart, 185 
Conduction of nerve impulse 
in nerve fiber, 512 
in reflex arc, 513 
Cones, 605 
Congenital defects, of heart, 205 
Conjugate movement, 604 
Connective tissue, 98 
Constipation, 337 
cause of symptoms, 339 
Contraception, rhythm method, 485 
Controlled experimentation in physiol- 
ogy, 5 
Convex lenses, 601 
Convoluted tubules 
distal, 413 
proximal, 413 
Copper, 151 
Cornea, 589 
Coronary circulation, 235 
Coronary thrombosis, 238 
Corpus luteum 
development of, 475 
functions of, 477, 478 
Corpus striatum, 538 
Cortisone 
in arthritis, 458 
side effects, 458 
Cosmic rays, 82 
Coughing reflex, 252 
Cow pox, 171 
Cranial nerves, 509 
table of functions, 535 
Cretinism, 443 
Cribriform plate, 625 
Cryptorchidism, 470, 494 
Cushney’s theory, 415 
Cyanosis, 212 
Cystic fibrosis, 322 


Daltonism, 612 
Dalton’s law, 274 
Darwin, 81 

Dead air space, 261, 264 
Deaminization, 364 


Necerebrate rigidity, 545 
Dec ibel, 619 
Defecation, 440 
reflex, 340 
Deglutition, $26 
reflex, 519 
Delta waves, 564 
Dendrite, 505 
Density of blood, 133 
Dental caries, 325 
Denver, altitude and visiting athletes, 
286 
Deoxyribose nucleic acid (DNA), 67 
Depth perception, 603 
Dermatome, 120 
Descending tracts, 534 
Desoxycorticosterone, 456 
Deuteranopes, 612 
De Vries, 81 
Dextran, 166 
Diabetes, 353 
Diabetes insipidus, 421 
Diabetic acidosis, 362 
Diabetic coma, 362 
Diabetic glycosuria, 349 
Diabetogenic hormone, 467 
Diaphragm, 246 
Diastole, 190 
Dichromats, 612 
Dicumarol, 180 
Dieter's nucleus, 543 
Digestive enzymes, 302-7 
Digestive glands, 307-24 
gallbladder, 322 
gastric, 310 
pancreas, 320 
salivary, 307 
small intestine, 324 
Digitalis, 208 
Dihydrotachysterol, 449 
Dilatation of heart 
pathologic, 211 
physiologic, 201 
Diodrast, 418 
Dionne quintuplets, 115 
Diopter, 596 
Disaccharides, 297 
Diuresis, 418 
Diurnal temperature cycle, 389 
Doctrine of “specific nerve energies,” 523 
Dominant character, 69 
Double standard of morals, 491 
Dreams, 569 
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Drinker respiratory chamber, 268 

Ductus arteriosus, 207 

Duodenal ulcer, 317 

Duodenum, 344 

Duplicity theory, 607 

Dura mater, 586 

Dwarfism, 466 

Dyspnea 
in congestive heart failure, 212 
in second wind, 580 


Far, 615 
Ectoderm, 117 
Edema 
cardiac, 16] 
in congestive heart failure, 212 
renal, 162 
Efferent fibers, 510 
Efficiency of work, 380 
Eijkman, 401 
Ejaculation, 493 
Elastic connective tissue, 98 
Electrocardiogram (E.C.G.), 188-89 
Electroencephalogram (E.E.G.), 563 
Embolus, 179 
Emergency theory, 198 
Emetic agents, 330 
Emmetropic eye, 597 
Emotional glycosuria, 348 
Emulsion, 306 
Endocrine glands, 434-60 
adrenals, 450 
definition, 434 
ovaries, 471 
pancreas, 450 
parathyroids, 448 
pineal body, 438 
pituitary, 460 
testes, 47] 
thymus, 436 
thyroid, 438 
Endometrium, 476 
Energy expenditures in activity, 381 
Enterokinase, 305 
Entoderm, 118 
Enuresis, 431 
Enzymes 
digestive, 302 
oxidative, 350 
Eosinophilia, 156 
Eosinophils, 156 
Epicritic sensitivity, 525 
Epididymis, 492 


Epilepsy, 565 


Epinephrine, 152; see also Adrenalin 


Epiphyseal plates, 102 
Epithelial tissue, 95 
Equilibrium, sense of, 542 
Erection, 492 
Erepsin, 306 
Ergosterol, 404 
Erythroblast, 136 
Erythroblastosis, 136 
Erythroblastosis fetalis, 174 
Erythrocyte, 135; see also Red cell 
Essential amino acids, 396 
Estrin 
from chorion, 478 
clinical use, 486 
endocrine function, 486 
role in lactation, 488 
source, 168, 476 
Eugenics, 9] 
Eustachian tube, 616 
Evans, 405 
Eve tilt-board, 268 
Evolution, 80 
Excretion 
of glucose, 423 
in saliva, 309 
of salt, 422 
of urea, 422 
of water, 420 
Exercise 
adjustments in, 580 
blood pressure in, 223 
fuel for, 582 
hyperpnea of, 258 
Exocrine glands, 433 
Exophthalmic goiter, 444 
Experimental animals, 11 
Experimental neurosis, 551 
Expiratory center, 259 
External intercostal muscles, 246 
External respiration, 243-62 
chemical control, 253 
hyperpnea of exercise, 258 
mechanics of, 243 
nervous control, 249 
organs of, 243 
Eye, 589 
Eyeball, muscles of, 604 


Facial nerve, 536 
Farsightedness, G00 
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Fatigue 
in muscle, 575 
al synapse, 514 
Fats 
absorption and fate of, 358 
and atherosclerosis, 239 
chemistry of, 298 
equation for burnin 
vere. 341 shai 
Fertilization, 119 
Fetal development, 113-15 
Fibrin, 176 
Fibrinogen, 176 
Fibroblasts, 98 
Fick principle, 192 
Flatus, 342 
Fleming, 500 
Flourens, 551 
Fluid balance, 36 
Fluorine, 408 
in drinking water, 325 
Fluoroscope, 318 
Focusing, 593 
Follicle 
development of, 474 
Graafian, 474 
Follicle-stimulating hormone  (F.S.H.), 
468, 476 
Foods 
caloric distribution in diet, 393 
digestion, 295 
energy value of, 382 
idiosyncracies, 362 
Foramen ovale, 205 
Fovea, 606 
Fraternal twins, 115 
Freezing-point determination, 32 
Friction encountered in blood vessels, 
218 
Friedman, pregnancy test, 469 
Fruit flies, 86 
Fuel, availability for exercise, 582 


Gall stones, 323 
Gallbladder, 322 
Gametes, 63 
Gamma-amino-butyric 
Gas laws 

Boyle's, 24 

Gay-Lussac’s, 26 
Gas pressures, in air sacs, 
Gastrectomy, 319 a 
Gastric fistula, 309, 311, 312 


acid (GABA), 18 
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Gastric glands, $10 

Gastric juice 
control of, S11 
secretion of, 311 


Gastric phase of secretion, 314 


Gastrin, 315 
Gastrocolic reflex, 335 
Gastroscope, 318 
Gay-Lussac’s law, 26 
Gel-sol, 45 
General adaptation syndrome, 459 
Genes 
chemical nature, 67 
definition, 67 
dominant vs. recessive, 69 
mode of action, 84 
Geniculate body 
lateral, 536 
medial, 537 
Gerard, 451 
Germ cells, 60 
Germ-layer derivatives, 121 
Gestation period, 121 
Giantism, 466 
Gill slits, 123 
Glans penis, 492 
Glia, 505 
Globin, 138 
Globulin, 160 
Glomerular filtration, 415 
Glomerulo-nephritis, 426 
Glomerulus, 412 
Glossopharyngeal nerve, 536 
Glottis, 252, 327 
Glucocorticoids, 455 
Glucose 
in diabetes, 352 
equation for burning, 372 
excretion in urine, 348 
fate of, 346 
level in blood, 348 
molecular weight determination, 31 
oxidation of, 351 
Glycogen 
in liver, 345 
in muscle, 575 
Glycogenesis, 345 
Glycogenolysis, 346 
Glycosuria, 348 
Goiter, endemic, 441 
Goiter belt, 442 
Goitrogenic drugs, 446 
Goldberger, 402 
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Goldblatt, 227 

cost apparatus, 56 
sOnadotrophi : 
Genorehes ol hormones, 468, 476 
Gout, 365 

Graafian follicle, 474 
Grams stain, 500 

Granit, 611 
Granulocyte, 155 

Gray matter, 507 
Growth hormone, 465 


Habit formation, 520 
Habitual abortion, 488 
Hales, 102, 215 
Hamburger phenomenon, 282 
Hammer, 616 
Hard palate, 465 
Harp theory, 621 
Harrison, 259 
Harvey, 184, 185 
Hassal bodies, 436 
Haversian system, 101 
Heart, 181-213 
anatomy, 18] 
cardiac cycle, 189 
conducting system, 185 
control of rate, 194 
diseases, 205 
electrocardiogram, 188 
stroke volume, 200 
Heart beat, nature of, 184 
Heart block, 189, 221 
Heart failure 
acute, 212 
chronic, 212 
Heat loss, 389 
Heat production, 391 
Heat regulation, 388 
Hematocrit, 131 
Heme, 138 
Hemocytoblast, 136 
Hemocytometer, 140 
Hemoglobin, 135 
chemistry of, 138 
crystalline, 277 
Hemoglobinometer, 14] 
Hemolysis, 164 
Hemophilia 
failure of b 
inheritance of, 78 
Hemoptysis, 295 
Hemorrhage, 146 


lood to clot, 178 
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Hemorrhoidal veins, 2 Inde 
Henry's law, 273 , S45, 244 Hyperthyroidism, 379, 444 : 
Heparin, 178 HyPettonic, 36 
Hepatic artery, 234 Hypertrophy of heart 
Hepatic circulation, 234 paceeiogie, au 
Hepatic sphincter, 234 sede 21 
Heredity, 61 Tpecalceria, 449 
of blood types, 168 pyPochondria, 342 
laws of, 68-73 Ypoglycemia, 348 
of Rh factor, 174 Hypogonadism, 470, 495 
Hering-Breuer reflex, 251 lypothalamic-hypophyseal Portal system 
Hermaphrodism, 497 Hiv oA , 
Hibernation, 374 Ve aoa canes 
Hill-Meyerhof ats 
Mirahticaa, a theory, 575 pri erg center, 39] 
Histamine, Ne 
Histology, oe 249, 339 Lira anesthesia, 206 
Homosexuality, 497 Stet oe shiaciatas 
Homoxygous, 70 scene S 
Hookworm di i i 5 
Hormone nena ood tai arte ediey” 
, . , and heredity, 88 
Hormone synthesis, 464 Ileo-colic sphincter, 334 
Hormones Ileum, 344 
of adrenal cortex, 454 Immunology, 169 
of adrenal medulla, 198, 450 Inbreeding, 91 
of digestive system, 315, 321 Incest, 91 
of ovaries, 471 Incompatibility, 163 
of pancreas, 352, 450 Incus, 616 
of parathyroids, 448 Indigestion, 330 


of pituitary, 460 Inner cell mass, 115 
of testes, 471 Insertion, of muscle, 110 


of thyroid, 438 Inspiratory center, 257 


Hot flashes, 487 Insufflation, 266 
Houssay, 467 Insulin, 352, 450 
Intelligence, and heredity, 87 


Hunger, 329 i 
Hunger pangs, 329 Intelligence quotient, 87 
Hurtado, 144, 145 Interchange of gases, 274 
Hyaluronic acid, 493 Intercostal muscles, 246 
Hyaluronidase, 493 Internal intercostal muscles, 246 
Hybrid, 70 Internal respiration, 271-89 
Hydrocephalus, 589 anoxia, 283 on 
Hydrochloric acid, 310 caisson — " 
Hydrolysis, 301 interchange o gas sip om 973 
Hypercalcemia, 449 laws governing solubility 
Hyperchlorhydria, 316 tis dioxide, 273 
Hyperemia, 316 Pe a -~ pe 
Lia be orange Interstitial tissue, 494 

Lipempominer 600 Intestinal phase, 315 
cds i Intussusception, 339 
Hypermotility, 316 aotiti, 410 
Hyperoxia, 287 Involuntary muscle, 104 
Hyperpnea, 258 indtte, a4 


Hypertension, 227 


lodized salt, #42 
lodopsin. 604 
Ionization, 33 


Tron 
absorption from intestine, 116 


in anemia, 151 

in hemoglobin, 198 
Irradiation, 515 
Irritability, 19 
Islets of Langerhans, 353 
Isotomm, 36 


Jaundice, S28 

in ABO hemolytic disease, 175 
Jejunum, 344 
Jollos, 82 


Kangaroo rat, 428 
Kernicterus, 175 
Ketone bodies, 361, 362, 425 
Kidney, 410-28 
anatomy, 410 
summary of functions, 424 
urine formation, 415 
Kidney disease, 426 
Kinetic theory of gases, 27 
Kleitman, 568 
Knaus, 481 
Knoop-Embden theory, 360 
Koch, 203 
Krause, end organs of, 522 
Krebs cycle, 352 
Krypts of Lieberkiihn, 324 
Kupfer cells, 142 
Kwashiorkor, 394 


Labor, stages of, 126 
Lactase, 307 
Lactation, 488 
Lactogenic hormone, 488 
Lactose, 298 
Landsteiner, 164 
Lavoisier, $70 

Laws of heredity, 68 
Leary, 238 

Lethal recessive, 78 
Leucocyte, 155-58 
Leucocytosis, 157 
Leucopenia, 157 
Leukemia, 158 
Libido, 486 
Ligaments, 98 

Lind, 402 


Index 615 


I ipase, 305 
Liver, U4 

In carbohydrate metabotlan, 945 

tH fat metabolivn, $60 

inh pote metabelian, 16% 

suininary of functions, 406 

see alo Tepatic circulation 
i treatment: in perniclous anes, 

Ly 

Lobectony 

of brain, 958 

Of long, 20M 
Lobotomy, 558 
Local sign, 926 
Loewi, 51 
Loop of Henle, 415 
Luciani’s triad, 552 
Lung buds, 118 
Lungs, 244-02; see alio Respiration 
Luteinizing hormone (LL), 464, 476 
Lyimph, 160 
Lymph node, Le 
Lymphatic system, 162 
Lymphocyte, 165, 158 


. 
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Macacus rhesus, 173 
Maculae, 542 
Magenstrasse, 316 
Malaria, 149 
Male menopause, 495 
Malleus, 616 
Maltase, 307 
Maltose, 208 
Mandible, 325 
Manganese, 408 
Marine, 442 
Mass peristalsis, 335 
Mastication, 325 
Mastication reflex, 548 
Mechanistic philosophy, 14 
Megacaryocytes, 159 
Meiosis, 63-66 
Meissner’s corpuscles, 522 
Memory, 563 
Menarche, 472 
Mendel's laws, 68-73 
Meninges, 586 
Menopause, 473 
Menstrual cycle, 476 
Menstrual flow, 477 
Menstruation, 471 
Mesenchyme, 121 

as origin of circulatory system, 129 


Mesoderm, 119 
Mesodermal derivatives, 121 
Metabolic pool, 352, 359 
Metabolism, 53 

of carbohydrates, 351 

of fats, 358 

of proteins, 362 

in protoplasm, 53 
Metarterioles, 242 
Methyl] mercaptan, 625 
Metric system, 16 


Military analogy of cortical activity, 559 


Milk 

caloric value of, 382 

human, 490 

iron in, 151 
Miller, 40 
Mineral salts, 406 
Mineralocorticoids, 455 
Minimal air, 263, 264 
Minot and Murphy, 153 
Mitochondria, 56, 350 
Mitosis, 55-57 
Modified insulin, 356 
Molecular weights 

of gases, 28 

of solids, 31 
Monochromats, 612 
Monosaccharides, 297 
Morula, 115 


Motor activities of digestive system, 325- 


42 
deglutition, 326 
in large intestine, 334 
mastication, 325 
in small intestine, 332 
in stomach, 328 
Motor cortex, 554 
Motor nuclei of cranial nerves, 548 
Motor unit, 572 
Mucin, 307 
Mule, 66, 67 
Multiple characters, 74 
Muscle 
functioning of, 110 
metabolism, 575 
sense, 522 
spindles, 522 
summation in, 573 
tetany, 573, 574 
tissue, 104 
Muscles of eyeball, 604 


td Inde, 


Muscular contractio istry 
Muscular efficiency, ._ ™ 
Mutation theory, 81 

Myelin sheath, 505 

Myenteric reflex, 332 

Mylohoid muscle, 326 

Myopia, 599 

Myotome, 120 

Myxedema, 444 
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Nearsightedness, 599 
Neocortex, 535 
Nephron, 412 
Nephroses, 426 
Nephrotome, 120 
Nerve impulse, nature of conduction of, 
511 
in nerve fiber, 512 
in reflex arc, 513 
Nerve tissue, 105 
Nervi erigentes, 492 
Nervous system, 503-89 
autonomic nervous system, 583 
cerebral cortex, 553 
cerebrospinal fluid, 586 
gross anatomy, 507 
microscopic anatomy, 503 
muscle-nerve, 572 
nature of nerve impulse, 511 
sensation, 521 
spinal cord, 528 
thalamus, 537 
Neural tube, 117 
Neuron, 105, 503 
connecting, 507 
motor, 503 
sensory, 507 
Neurosecretion, 461 
Neurospora, 84 
Neutrophils, 156 
Niacin, 402 
Nicotinic acid, 402 
Night blindness, 399 
Niss! bodies, 505 
Nitrogenous equilibrium, 395 
Noradrenalin, 453 
Normal distribution curve, 74 
Normoblast, 137 
Notochord, 118 
Nyctalopia, 400 
Nystagmus, 544 


Obesity, 382 
Ogino, {82 
Olds, 541 
Olfactory epithelium, 624 
One-way conduction, 513 
“Ontogeny recapitulates phylogeny,” 122 
Odgenesis. 65 
Optic chiasma, 615 
Optic disc, 606 
Organ of Corti, 617 
Organ systems, definition, 107 
Organs of special sense, 589-625 
ear, 615 
equilibrium, 542 
eye, 589 
smell, 623 
taste, 589 
Orgasm, 493 
Origin 
of life, 40 
muscle, I11 
Osmometer, 30 
Osmosis, 24 
Osmotic pressure 
of blood, 134 
definition, 24 
in edema, 161 
in kidney function, 415 
in tissue fluid formation, 160 
Osteitis fibrosa, 450 
Osteoblast, 101 
Osteoclast, 101 
in hyperparathyroidism, 449 
Otoliths, 542 
Oval window, 617 
Overproduction theory, 356 
Overwork theory, 357 
Ovulation, 113, 675 
time of, 479 
Ovum, 113, 475, 480 
Oxygen 
in air sacs and blood, 274 
in anemia, 279 
debt, 576 
lack, effects on body, 283 
lack, as stimulus to respiratory center, 
260 
pressure, importance of, 280 
transport by hemoglobin, 277 
Oxyhemoglobin, 133 
dissociaiton curve, 278 
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Pacinian corpuscles, 522 
Paleocortex, 535 
Pancreas 
as source of digestive enzymes, 305 
as source of insulin, 353 
Pancreatic amylase, 305 
Pancreatic diabetes, 353 
Pancreatic secretion, 320 
Paraplegia, 532 
Parasympathetic division, 194, 583 
effects of stimulation of, 586 
Parathormone, 448 
Parathyroid glands, 448 
overactivity of, 449 
tetany, 50, 448 
Parietal cells, 310 
Parotid glands, 307 
Pavlov 
on conditioned reflexes, 335, 550 
on gastric secretion, 312 
Pavlov pouch, 312 
Pectoral girdle, 108 
Pelvic nerve, 492 
Pelvis, 110 
Penfield, 565 
Penicillin, 500 
Pepsin, 304 
Pepsinogen, 304 
Peptic ulcer, 315 
Peripheral resistance, 218 
Peristalsis 
definition, 327 
in esophagus, 327 
in large intestine, 334 
in small intestine, 332 
in stomach, 328 
Pernicious anemia, 152-54 
pH 
of blood, 134 
defined, 134 
Phagocytosis, 157 
Phenylthiocarbamide (P.T.C.) tasters, 74 
Phlebitis, 243 
Photochemical theory, 608 
Photosynthesis, 265 
Phrenic nerves, 249 
Phrenicectomy, 250 
Physiologic salt solution, 34 
Pia mater, 586 
Pineal body, 438 
Pitch, 619 
Pitocin, 463 


Pitressin, 420, 461 
Pituitary gland, 460 
cells of, 465 
development of, 122 
hormones of 
anterior lobe 
adrenocorticotrophic, 466 
diabetogenic, 467 
gonadotrophic, 468 
growth, 465 
lactogenic, 488 
thyroid stimulating, 466 
posterior lobe 
pitocin, 463 
pitressin, 420, 46] 
removal of, 465 
Placenta, 116 
Placental hormones, 478 
Plasma, 131 
accelerator, 177 
composition, 159 
pooled, in transfusions, 166 
proteins, 160 
versus serum, use of terms, 177 
substitutes, 166 
Plasma-bound iodine, 446 
Pneumonia, 286 
Pneumotaxic center, 259 
Pneumothorax, 295 
Polarization of nerve fibers, 511 
Polled Hereford, 83 
Polycythemia, 154 
Polydactylism, 86 
Polysaccharides, 298 
Porphyrin, 138 
Portal heart, 345 
Portal vein, 234 
Posterior chamber, 591 
Potassium ions, effect on heart, 187 
Prefrontal lobes, 558 
Pregnancy tests, 469 
Pregnanediol, 483 
Pregnant mare serum (PMS), 470 
Premotor cortex, 555 
Prenatal influences, 124 
Presbyopia, 601 
Primitive germ layers, 117 
Primitive gut, 118 
Progestin 
action on uterus, 477 
from chorion, 479 
clinical use, 488 
endocrine function, 486 
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origin, 468 
role in lactation, 498 
Prolactin, 488 
Proprioception, 522 
Prostate, 492 
Protamine, 355 
Protanopes, 612 
Protective reflexes, 259 
Proteins 
chemistry, 300 
im enzyme and hormone synthesis, 364 
Tequirements, 393 
Storage, 363 
Prothrombin, 176 
Protopathic Sensitivity, 525 
Protoplasm 
chemical properties, 46 
death of, 59 
definition of, 38 
physical properties, 41 
physiologic properties, 48 
spontaneity of, 53 
Psychic phase of gastric secretion, 313 
Psychic vomiting, 331 
Psychosomatic disease, 317 
Ptyalin, 303, 307, 328 
Puberty 
female, 471 
male, 491 
Pulmonary circulation, 232 
pressure in, 232 
volume of blood in, 233 
Pulmonary embolism, 178 
Pulmonary ventilation, 255 
Pulmotor, 269 
Pupil, of eye, 589 
Pupillary reflexes, 592 
Purkinje effect, 607 
Purkinje fibers, 187 
Purpura hemorrhagica, 159 
Pyloric sphincter, 331 
Pyorrhea, 325 
Pyramidal cells, 553 
Pyrrole ring, 138 


545, 568, 569, 605 


Rachitic rosary, 405 
Radioisotopes, 10 
Réaumur, 311 
Recessive character, 69 
Recoil, of lungs, 248 
Red bone marrow, 102 


Red cells, 135-55 - 
form, size, structure, 


life span, 142 
number, 140 
roduction of, 136 
yariation in number, 143 
Red nucleus, 538 
Reducing drugs, 386 
Referred pain, 24] 
Reflex activity, 521 
Reflex arc, conduction in, 513 
Reflex patterns, 520 
Reflexes 
accommodation, 598 
aortic, 197 
auditory, 546 
Bainbridge, 195 
bladder, 436 
conditioned, 550 
defecation, 340 
deglutition, 549 
gastrocolic, 335 
Hering-Breuer, 251 
mastication, 548 
pupillary, 592 
respiratory, 252 
salivary, 307, 548 
vasomotor, 223 
visual, 547 
Refraction, 593 
Refractory period 
in muscle, 184 
in nerve fiber, 512 
Rejuvenation, 496 
Reliability of vision, 614 
Renal cortex, 410 
medulla, 410 
pelvis, 412 
Renin, 228 
Rennin, 305 
Reserpine, 229 
Resonance theory, 621 
Respiration, 243-95 
external, 243-71 
internal, 271-95 
Respiration calorimeter, 370 
Respiratory center, 250, 257 
Respiratory quotient (R.Q.) » 372 
effect on, of converting fat to glucose, 
373 
effect on, of converting glucose to fat, 
374 
Respiratory reflexes, 252, 549 
Ctching moyements, 330 
Reticular formation, 538, 566 


Index 


Reticulocyte, 137 
ti chotheli 
“Uculospin; ’ 

Retina, se oon <n 

Retrolenta| fibroplasi ‘ 
Cynaud’s disease BAL ” 

, 24] 

Rh factor, 172 
heredity of, 174 
Origin of name, 173 
reactions, 173 

Rheumatic fever, 210 

Rhythm method 

Riboflavin, 402 

Rickets, 103, 104 

Right lymphatic duct, 163 

Righting reflex, 544 

Rhodopsin, 608 

Rods, 605 

Rolando, fissure of, 553 

Round window, 618 

Rubrospinal tract, 538 

Ruffini, end organs of, 522 


Saccule, 542 
Safe-period technic, 485 
Salivary amylase, 303 
Salivary glands, 307 
anatomy, 307 
control, 307 
functions, 308 
Salivary reflex, 307, 548 
Salt 
disposal of, by kidneys, 422 


mineralocorticoids and, 455 


Salt glands, 310 
Sample questions, 2, 3 
Sand hog, 289, 290 
Schleiden and Schwann, 
Science, definition, 4 
Sclerotic coat, 589 
Sclerotome, 120 

Second wind, 580 
Secretin, 321 


Secretogogues, $14 ais 
Sedimentation rate, - 
Segmentation, 332, 3 ” 
Selective permeability, 
Selye, 459 

Semen, - 


semicircular canals, 
in vomiting, : 

Seminal vesicles, a 

Seminiferous tubules, 


al system, 149 


of contraception, 485 


cell theory, 55 


Sensation, 521-28 
Sensitization, 249 
Sensory decussation, 533 
Sertoli cells, 492 
Serum hepatitis, 166 
“Serum” versus “plasma,” use of terms, 
177 
Sex determination, 76 
Sex deviants, 497 
Sex hormones 
from adrenal gland, 456 
estrin, 468, 476, 478, 486 
progestin, 477, 479, 486, 488 
Sex-linked characters, 76 
Sheath of Schwann, 505 
Siamese twins, 115 
Sickle cell anemia, 154 
Sinoatrial node, 185 
Sinus venosus, 185 
Sinuses, 108 
Sippy diet, 318 
Skeletal age, 102 
Skeleton 
appendicular, 108 
axial, 108 
Sleep, 567 
Slye, 86 
Small intestine 
anatomy, 344 
secretions of, 324 
Smallpox, 171 
Smell, 624 
Sneczing reflex, 253 
Snellen chart, 602 
Sodium bicarbonate, 281 
Soft palate, 327 
Sol-gel reaction, 45 
Somatic mutations, 85 
Somatopleure, 119 
Somatotrophic hormone, 465 
Somites, 119 
Sound, nature of, 618 
Sounds, of heart, 190 
Spatial summation, 515 
Specific dynamic action, 379 
Sperm, 480 
Spermatogenesis, 491 
in heredity, 63 
Sphenoid bone, 465 
Sphincter 
anal, 341 
cardiac, 327 
definition of, 327 


ileocolic, 334 
of Oddi, 322 
pyloric, 331 
Sphygmomanometer, 215 
Spinal cord 
as path of conduction, 533 
as reflex center, 529 
Spinal nerves, 508 
Spinal puncture, 588 
Spinal reflexes, 529 
Spinal shock 
experimental, 530 
human, 532 
Spiral ganglion of Corti, 622 
Spirocheta pallida, 499 
Spirometer, 263 
Splanchnopleure, 119 
Spleen function, 145 
Spleen structure, 144 
Splenic anemia, 150 
Spontaneous activity, 53 
Sprue, 449 
Standard conditions, 29 
Stanley, 57 
Stapes, 616 
Starvation, 387 
Steapsin, 305 
Steenbeck and Hess, 404 
Stereognosis, 557 
Sterility 
from cryptorchidism, 470, 494 
from vitamin E deficiency, 405 
Sternum, 108 
Stirrup, 616 
Storage reflex, 430 
Stress, 459 
Stroke, 229 
Stroke volume, 200 
Stroma, 138 
Strychnine, 520 
Subcutaneous tissue, 98 
Sublingual glands, 307 
Submaxillary glands, 307 
Substantia gelatinosa of Orlando, 533 
Succus entericus, 324 
Sucrase, 306 
Sucrose, 298 
Summation 
in muscle, 573 
in nerve, 514 
in retina, 613 
Surface area, 376 
Surface tension, 35 


Sustentacular cells, 492 
Swallowing, 326; see also Deglutition 
Sweat glands, 390 
Sylvius, fissure of, 553 
Sympathetic division, 194, 583 
Sympathetic nerves 
effect of 
on body (table) , 583 
on digestive tract, 333 
on heart, 195 
route of, 583 
Synapse, 512, 513 
Syphilis, 498 
and coronary thrombosis, 240 
Systole, 190 


Tadpoles, 440 
Taste, 623 
Taste buds, 623 
Tectospinal tract, 546 
Teeth, 325 
Telephone theory, 620 
Temper tantrum, 259 
Temperature 
conversion of, 22 
regulation of, 388 
Temporal summation, 515 
Tendons, 98 
Terminal buttons, 513 
Testosterone, 468, 494 
Tetanus, 172 
Tetany 
in muscle, 573 
parathyroid, 50, 448 
of stomach, 329 
Tetralogy of Fallot, 207 
Thalamic reflexes, 538 
Thalamus, 537 
Thebesian veins, 236 
Thiamin, 400 
Thierry-Vella fistula, 324 
Thiouracil, 446 
Thiourea, 446 
Thirst, 309 
Thoracic duct, 163 
Threshold substances, 417 
Thrombin, 176 
Thromboplastin, 177 
Thrombus, 179 
Thymus, 436 
Thyroid gland 
BMR in disturbances of, 438 
cancer of, 447 
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embryologic development, 118 


function, 379 


Thyroid-stimulating hormone, 440 


Thyrotropin, 440 
Thyroxin, 439 

effect on heart, 200 
Tidal air, 248, 262 
“Tired blood,” 147, 148 
Tissue fluid, 160 
Tissues 


arrangement in organs, 106 


from dissociated cells, 105 
types of, 94 

Tobacco, 409 

Tonometer, 277 

Tonus, 570, 573 

Toxins, 171 

Toxoids, 171 

Tranquilizing drugs, 559 
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Transfusion, 163; see also Blood trans- 


fusions 
Transport 


of carbon dioxide by blood, 280 


of oxygen by blood, 277 
Traumatic shock, 229 
Treponema pallida, 499 
Trichromats, 612 
Trigeminal nerve, 536 
Tritanopes, 612 
Trophoblast, 115 
Trypsin, 305 
Trypsinogen, 305 
Tubercle, 294 
Tuberculosis, 293 
Tubular excretion, 418 
Tubular reabsorption, 417 
Twinning, 115 
Twins, 115 
Tympanic membrane, 616 
Typhoid fever, 169 


Underconsumption theory, 356 


Unit characters, 69 
Universal donor, 165 
Universal recipient, 165 


Unsaturated fatty acids, 299, 398 


Urea, 365 

Ureter, 429 

Urethra, 430 

Uric acid, 365 
Urinary bladder, 429 


Urinary hormone assays, 482 


Urinary nitrogen, 371 


Urine 
composition of, 428 
production of, 410-24 
voiding of, 430 
Unricle, 542 
U-tube manometer, 215 
Uvula, 327 


Vaccination against smallpox, 171 
Vaginal smear 
human, 484 
rat, 483 
Vagotomy, 319 
Vagus nerve, 110, 583 
action on digestive tract, 333 
in gastric secretion, 313 
on heart, 195 
route of, 583 
see also Parasympathetic division 
Valence, 290 
Valves, of heart, 183 
Van Slyke apparatus, 277 
Van’'t Hoff’s law, 30 
Vas deferens, 492 
Vasomotor reflexes, 223 
Vasomotor system, 222 
vasoconstrictor nerves, 222 
vasodilator nerves, 222 
Velocity of nerve impulse, 512 
Venereal diseases, 498 
gonorrhea, 503 
syphilis, 498 
Venous circulation, 242 
Venous return, 200 
Venous system, 243 
Ventilation, 269 
Ventricles 
of brain, 586 
of heart, 181 
Vertebrae, 108 
Vestibulospinal tract, 544 
Villi, 344 
Viruses, 57 
Visual acuity, 602 
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Visual reflexes, 547 
Vital capacity, 263 
Vitalistic philosophy, 14 
Vitamins, 398-406 

A, 399 

in night blindness, 609 

B, 400 

Bios 153, 406 

C, 402 

D, 404 

F.,, 405 

K, 406 

riboflavin, 402 

thiamin, 400 
Vitreous body, 591 
Vocal cords, 252 
Voiding reflex, 430 
Voluntary activity, 556 
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Voluntary control of respiration, 252 


Voluntary muscle, 104 
Vomiting, 330 
psychic, 331 
Von Mehring and Minkowski, 353 


Wald, 609 

Wallerian degeneration, 505 
Water-distributing system, 217 
Water intoxication, 37 
Weber-lechner law, 527 
Whipple, 153 

White cell count, 141 

White cells, 155 

White matter, 507 

Wolf and Wolff, 316 


X-chromosome, 77 
Xerophthalmia, 399 


Y-chromosome, 77 
Yellow bone marrow, 102 
Young-Helmholtz theory, 610 


Zinc, 408 
Zygote, 114 
in heredity, 61 
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